



? Aju ajjal A jj^SJ' ljL^ ja]' oj£jj lJj£ ^ 


Jjjud jj' 'Aia 



^ x tn )-)Uxa j I Cli^J' 



Jj JJUdSLa QrtAj'N 


»•*— 3 t® 

r> j 6 ? 0 F 

B*tfs = ju 0 s 0 — c 


+ l^ohnc 


o' Jt yi) o— ■ 4 qSa j Jj— uijj' ^]l— x]' o' 4 <JJ ^ 1 ajA U— uijJ 

fj AdnJaUxA VI— jJjj O' 4 — ^ J-Jfr J-JI Jt-jj^l jt-uJl 

1 ^jj 1 ubn L-a£ j 4 jLjSII Sj— d j jxjj j_juj AJj_Jj J-^ j^]( '1-A Jj-*> 
J1 y*W o' w *; a Cj — aJI ^ — £ j'Jt jL_S ojjtj— i uj — ua^j 


Vt J-J jj o! A I£ a j J— ua ij^]' jjda — uj ^ laJj j J^' j jxja]' w , jUIUaI} 

. J^j^' 0^ 'j^ 

jA' j tel' Jjj— uSLa dj^L-S q^j ^ jjiiiS— uiyt lhj^ 


^Lxj f Lj jj&t 0'j '-4^W '— ^ cUU^t o-^! '-G-*' AajL^I 

1 J) A— j! SUl— ujIa Jjj— *ja£Ia ia-^y di 4 A kVi" d J— A 2 q/iVi It <j — a 
S j-JXJA A— Jbj^J Cjyt ^ A J— ! JJ ft J-J lLaJ' ^ J i^WU A tl L^yi yll ClJIS 

A— CjyLAAU o-1aj Jjb j' ) o jj -^' o' A— ILaj y 'jl— a]2 

( j? a^ulJsLjLa cjyi^A a] jj o' 


^ o a 


5 j— kk Jjj ui£U bJai LJA 



A— Jbj^iJ' Cjyt yaW q ^aj *bJ( L»yy J— &2 ^JbtJ' £LjjbJj ( ^ 5 _2 Lj'Jb^JV' 
A^jjaJ' S j— Lib' &J-A 4 Sj ji*iA Aj — a-JaUjLj Cjyi %a J—! jj o' Sj Jm^aW 
CjI—u) L-^J^Lk o — a o-Laj 4j_Jabj CjyjtjLA Ag>lj aa o— a Jjj— uo£La CjJ^ 
Cjyjb^LA ^ uub LJjS j ^-2 CjyjljLA]) dJ-A ufi j-JU j A_j Ljjj L-a 

. (( 

^-Jj jJj-j A lySi CjI W.d't oj_jj CS^SLjla1\ dJ-A J^L_i o — a j 
SH J— jj ^Jt jJj-j djjJ_j ^ Ul j )j -jlLa b ouajjab^A VL^a jj 
yt^A A-^SjJ o-^l C 5 JL^a^'j Ij-^xIa L-bb 

...lASAj 5 IjjxIa LuiuIabl A 

O^J— aUj-a Qjtt -v a\\ qj <J o' J— jy \ Jajj Cjyjl »a!' j 

J_S jt j-jiyi ±-j2jj ' H*' * J-^J O^xjJ' 1 a ^ ^axj Lr l^ 


t Ag ^9 \ \ \ Q <Aj y J J^ya 'jj aAA djL— up ' Q S,AJ b-A^A 

Sjj U^J ' j_ja2a ^Jb-jj^-Si' Jl ^a" o' £ 'A) A jli ^Jbblibj a o^at j It 

'j_JlLa b ouuiaUa^A yt ^ a J_jJ jj Q 4 JJ i14 ^bJl^ ^ JJj-bb ^ A_m^ 

'j-jxIa Lbbj^i yi^ J-j]jj j Jjj-uj j-^ytj bbajj Sjj-uaj 

. 'j£A j bbaj! A jn^ Sjj^j 

o'j— aIa]' ^ ^nH : f a\' j ^jb-jj^£Jt Jl ^a^ bJillaj tJ) lA^ Ig> j 

9 ^Jt j-bUt ^ Ip Aj ii.jWrt aU j A jjbj^Ht ClsL-^ j-4^b A jn> Sjj— ^ aj 

O^xjJ' ' A g O-P ojJL^a]' J-^ &£ a j y A-jy S jJaj. j lA J-jP j 

# A^iuulab L a jj^-SJ' ljI^ j^b U-a t aIp ( jlla! 

O— a j-^t ^j— s c fll du£t jJj ^bxit Jbd Jjj— ui£bA o' ^ ^ i t^-dA j 

lj! ^ j-a]' j A j A j£jjI£aaJ' CjI ^ , jaJI ^ S' Ail— — bayb lj! ^ j^t 

. A U J jk JX Ajjf^t 

• A-LuuIaUx-A jj^-SJ' ljL^ ,ja!' Jj] jj ^ 
CjUjj^' Jja.j SjSS c-i^bja jA Jjj^SLa £' (> ^ 

^] AJ' y) CjyjlxjJt Jjjla o^ '-^' c^tj Aj^n]al ii ajj$£]' 

. IjLaP lA J ija» j ^laluu 






<jjJ St ft a\%\\ J_jI jt (1)— A J— 2 jjA d_jjjjA xl\ j—nxjj 

A jbjia Ja— uy| j ? t jbc, Aj-^uuLUxa jj^SJt CjL_a. j-a!) ^LJUt t jpUsj— uj! 

J— jjla j—P A j AiuIaUx^ jj^lIl CjL-ajaH J_jIjj t— < j— * l iK a j 
< ta5 _2 L-aS JJj-Ha j,^ a/*a\ t\ \h°\ J A<i\\ c-j—kilt ^LJj ^J) j_& ^hVi ^it 
£j!_ujjj dj — ^jj A_fjbj££Jt r:M J * N * liLJj j 4 J jULaII J< Jail 

LijbjfS VL^a >LjIjj ^J) UjjJ-j j JjJ dbJaS ^ cPt>6^t Jj-k ^^-Sp 
J jJa ^^Jp Lj>^ A-*U2t cP'j-4^' cr-4^ Squill j-j*aa 

b ^ulaUxA Sn >a J-J jj ^1 ^ Jj-J < j t gjtj j fen ^-Jilt A^S */i\\ 

jJalj A%4 A/alt dl^j) ^Jp t^— al*la AJfcl^jt j dLajVSj Sj-uilt j - jlia 

^jL^j UaA JJjjj <^jtj-gJt CjLfcUjVt cri Otj-^aLj '-4^| 

4 jti Jjj_ ui£La A—jjIal tj j ^LJlIbj 4 j Ja°l <jj_ j ljIW Jolt ■Up 

ir A\ j-jilAlt <P-jjpt JL^aII ^ cPtj-g-St 6-^ 

Sn >A J-jI JJ ^J) d JjJ—J jJj_J ^JlJI J J—JL1A lj ddlfrltltA VI >A J-jJ JJ 

si Vit ^ Ip j <jjaju St Log ua*u ^ Ip qj.v aIima ) j_-ja1a b-jjbj^-S 

(jjjj ijJUll (jjll %aS 1 JUalSt ^-Jl jJj-^ua &Jb ,/jU2 tJ-SAj 5 IaA jLJfijI 
Ai j j_^ j ^jj^_jj A_jj) J S^It — ulaj ^Jt j—^Jt ^j_P Sj—JU JaLJj ^Jt 
gAx-JftM JL^a ) A-Jp J-Ikjj A\ AM\k\\* Ajj4± CjL^jjj A_uA Lr Jp 

. ( *\i Ajjpt 

CjL^ JJ lIt Ap J-^UJ (J 4 1 uajj Jjj— uj£La ^1 1^*1 *uit 1 _a£ 

C5 — S f j Jail Ap j— uj jjI—ujj 1 gJt 4 —^. jj L— Jabj A\ ^jujIaUxA jj^-SJt 

SjL-jP L^ajt f j-Jalt L-jjjj b-AJi 3 x 10 8 17l/s (i' £tj-^t 

. A u^ t ii AjjfS CjUjjj £P 


ljI 



: A^ uLUt^ jjfilt CjUj^It Lijj£S ^ 
^ j-a ) 1_^Jb 4j AAj]ab«,A jj^-SJt lj! ^ j-a!( lJj_xj 

aUIa ^ ^«jWUa j ^L_jj 4£ (jjll ^a JtjJSA t (j — a 1 uin 4 Ja j£Lula 

^ # ^ LaA jLuujt dl^jt ^Ip j (j^aflult La^-^xj ^Ip 

: A 1» Ajj^llt CjUj,Alt (jjatjl ^ 
# A-ua jjlLula ljI^ , ja • 

. ( ^tjAlt ) Aj^UI) jjPj AjJLaI) LbdujVt JSISj ^t I^SSaj • 

3 x 10 8 m /5 ^jbdbj AjjIj f tjfSt jt ^tjilt i^jpja- • 

. ujUaSlui^U Aijli • 

. jijsivij suai Sjjait 1*J • 

. Ajjbjjilt (j^at j^It ^ 4 SSlVi • 

# AJ^jlaI) Ajjbj^ilt LjU^uiIt lA jAaS*a • 

jt Ajjbj^ilt ljVI^aUj jjIjj V ^Jblbj A W^ai Jj^j V • 

^L^uLilabjUAlt 

• «* «♦ 

jl ■ „<*Sft j qjA£ju*^| Aja 1 jJl jAl jla^l (ji qL«j • 



A^.ja Sjbfr *>^1 O' Oj* (jk Jj^uiSU flxll jjZ <Jfeb ^ 

^laluij ^ 4JI (— u* uj CjS^I iil]j ^ fLalsO Jjfl O^ Jjiah Aju “jkl *• ajj$£ 
^UjI O 4 JajjA <JU' O' (J\ 


1 $ 1 


Frequency, Hz 


Wavelength 


-400 nm 



LjU^Ii J%* a ^1p jjj^j Auibj^i Sjjb ^ti^luib Ajjjjlat ji A jj^ * 
ljI^ jj]) d^J Aj,^ jj]) Jt jLVt ljLua^jj JJjjJ) ^ ji*j Aujbj^iJt 

• ljI^ jjJ) Ap j-uj ujLu^ (jjjlS Qjajjsuibj 

17 = A/ 

O*^ J*J ( 3 X 10 8 m/5 ) (IAajJI a 1 a O' 

Laj P t ji]t ^ f j^jait Ap j-uj jjluu jjJtj Jjj-ui£U Aj Luj jiJt jt^Sj]) 
A j^jhl \i a jj^£ CjIa jj £P SjbP f jJaJt cj( Jjj-uoSLj Au*LajB A_^-a j£jj 
J^ j AblP CjUJjj cub A j^nhl *\i a jj^-SJt ljL^ jjJ) ^Lut Lib Jau ^JLu j ? 

aaA ,10 _12 m O 4 J*' tr^J 4 JjKj 10 14 Jfz O 4 j^' <^! 

lg-uat ji AjLuuj Cut JJ jjJ) j Aj^ ,jaS! Jt jlaVt (j^u <jt Jaj LjL^ jj]) 

^J Lllil buj J (J jit ljIJJjj j Aj^ jj Jt j]at £)P l^uS * J Ajjbjji]) 
Luj jj I^jjj jj ^jj £t jj) S JP ^t Au^uuLULa jjg-SJt cuL^ jj]) t iiu*Vi 
^uub lJjaj lJLh£ JJjjJ) jt jjJ) Jjla]) uuA LJjbj jt bJPL^j 
A u j jkrii ajjgi]) CjUjj]) £tjj) ^ U-ij 6 ( ^Jjh t i* ajjfrS]) t-Lla])) 
: <>*jj]t Jjia]) c-i^a (jj*SM ^t ji^aVt (> ) bJPb^aj Ljjjj Aujjjj 

. UIa AjluiI 
. AuluJt AjuiVt -2 
# Au^uiiLit AjuiVt -3 

. cPj^I -4 
. ft >^Jt Cu^j Ajl^SM -5 

. JLjjljUJt cbUjja -6 
. ljU>* _7 

* AxuuLUiu4 jj^-SJt CjI^ . jjaJt j Au£jjlLu)Jt CjIa ja 1\ (jju Aj jIIa ^ 


A^iuulabxj ijj^t ljI^ j^t 

Au£jjI£jjJ1 ljL^ jjit 

AJbjuut Ljb^uuit (JA Lubj 

Jauu jit CjbjjAi jtjjAl (j- 4 bujj 

jjIaII 

iaid A-ua jjlLula ljI^ , jj 

A-uaj*lu4j jt Aj] jla ljI^ jj 

JaU^j^l^UaJV 

JaU Ixui j ^1 ^Uaj 

^jLuu ^ LfJC’ 

3 x 10 8 m/s 

jk*a ^ jUJi ^ L^ifr 


• f ^ualt Ap^-uj (jjbd ^ 

* JjLH ^ ^JlxJt Aj ijL^j He 

^t c> ljIL Cjj^i f J-u^t AP j-uj (jubS AJ Jjt jjjxj 

jA uAIjj lOKffl AibjLd ^ (jjjlj AaS ^ (jt Au^Ua 

u si a \a£ \a j£ J-a^j lLu^ 5 JjIAa]) jLuJt ^ La£ ^ j^Sft AHit A-4^ ^ 


JLdujL (-iJUaJt fjL AiJUa!) Jl\ Aajj^ SjLit JLajL jaL!U ^jlij 
S jSfl HaIS j£ j t jjtjll 4 ^ SjLuiV AHjjj Aia^J jaLJIai ^It Aaj jHa SjLuit 
Lr^J ^J^t SjLiVt JiUaj) AajajJ) SjHi!) (-iLa^a ^ jjL £t JaJJU 
aiLu^j j£ jj£j I^jja j L-jlUaH Aa^I^) SjLui^U AJbSluil AJa^J 
£j!a2uA <jaj!) A-SLaa!) 4 a<uiQjj Sj ijP j bU J f j^Hal! Aajaj!) SjHSJt 
J^^ jd!t j^j!) jt ^cH iHa 14 1 j <il!^£ Aa! V) . &y^l\ A&yat L ^ 1 i<<v 
4&yji <_i Lui^ JjVuaiaI) ja 4j> J (jLuJVt AaIaIui) jaj V) Jjaj V AaI^ 
c> jSi O^HJHJt L^ fj^t JtiS3t (>J £tj ^Jjla]| 

. (jLuJVt AaIaHui) As>yai 




# : 4jjU-« * 

el 976 e^ J j-jj cAs' c^' 

AHj^ ^jjjj ja jj laj^ ^ f jJa!t A&ya j Jui^H ^ A^^U Aj jIaa Jj) 

ApLa 42.5 J^ &JA Ajj^i jjJj jlH J Jj JJAuIa!) aiHjH jUal H^t 

jt AluJ 12 JH &JA bjjSj JAAaH) JjAi (J jHaa!) Ai£ j£ jtjjJ SjA aaIH j 

£)t 33^ 3^ CH & 3* — J^Iaj jjjaHu!) JjAi jVt £)t j*a LJ^ 

. JAA*a!) Jj^ JJAAa!) 

L)^J L)^ J-^JJ ^J (HiULuJt ^,jaVi Ljjj&j L>* jffi '* x i3 

O^jSft 0 jH 2 4&\jm 42.5 6^ J^t Lj'jJ J 

l)^ £)j£* A^Luu 42,5 

skj ASjSj jjP J^a^ g-ilil]) J-«JJ t ^ jIula]) 

(j^ajSft cfcW ^ IkaJt )^A jajj (j^ 

^ . ^j^ula^Ij 

ja jj ljUUlSi jI^ja ^iixii f is <ii ij jaj 

ii j f j^iali AjLaa A&yai Jit ljLui^ l^J^Lk ja P Ualuj) j AH! jI^a 
Ul^ ^a^at Lg-k*j 2. 1 X 10 8 m/5 ^JJ ^^Lult 

(j£ajj AJI& aJ^A Aaj^ f j^Hall jj dLH! Sft^A V Laa j f I aIxI! 

. 


• JJ-uaIHjIa ^JlxJt Aj jl^A * 

Aii!t AJlf' AJ jl^A Jjt JJ^jjAHjLa jaV) ^ilxit AJ jl^A JJJXJ 
S jLp 4 JjIIa!) jLuHt Haj Ia£ AH! jIaa CjjIH j f j^Ha!t Ap j-ui 
CHtJ St ja S 4 ijP j L U3 jJa!t pU-uHt AjJajL jlSt jaj!) caLu^ 

^j A^Ua!) j' J>>^ O'jJ^ 4^jt Aaj^ 

CjjIH jjli CA IjLuaLj ^!p 35 Km AiLuiA I^aP Jajj AajIuia St ja 

bl&J f j^Ha!) AP j-uj ,\a c-u ^ !jj A^jj Aa!Uu!( Cj)J S)ja!) jtjjJ AP j^ui 
AajIaj!) CHt J St jaJ) Aa j) H^t ^ AJai! ^!p f j^Ha!t laA^ j S J ijP j 

(Hit J St ja!) (2jJ^ AaJ ijP HjP j AajHuia!) St ja!) dl^SL I^aP j-uHxjjj Aa jt 

Ja jIuj Ajjtj ^jH jHa!t pUua!) ^u/aj diiakj S jjJ — (HiloHt Sk Aa jt AajIaH!) 

S jaaLa AajIuia!) St ja!) dl^SL A-uilHxj) JjS Ja ijLa!) Ajjtj j-ui! 

Sb!d uflj^AAui j*Ha!t ^bLuHt jli h!!j jjp jIS tit La) ca jLuuliH!t ^!p 


. LJ J«U *A£l \ 0£ 

-jk (jiajjjulijj 4*j1 Ajjbsiul (Jjj j SljJl ,j|jjJ 4s,jjat AIjxajj 

; 4jjl*_a]) 

2n 


60 = 


; SI jJJ jjjJl c— jI < 4 A (j&AJ IAJjC' j 

2n 

T = — X 


60 


Sjjfr j Luj ^j^iail ^buiil Aijiluil ^iil ^jil «_jLui^ ^U5bj 

1 


t = 


T 


il ljLja 0L*j ^bibj 



aliaJ J^asJi 



y 


Sl^JI jjc- 

: 4fr j*Jl c-jLuua. (jjjli ^ <>jil (jfr jiajjxjJbj 

^Cw 

v = - 

t .7. 

9 Sj ijP j Lu j wf j i^iall pbuiJl lgyh°i ^^jJt aILulaJ) JIaj x 

* ^jLuiJ f- A^ j*uj oi ;JJ*uu1SjU 

x 10 8 m/5 

. ( C ) j* (> '-g-jj* P’J^I cjfr JJ*JJ 

; ^ ^Ja^| ^LSaJI 

AjjjJs ^ ja. 4-bA ,_jic. ^Jta Ia*jj ^j ji £ljiJl ^ f^iaJl JSSL 
Ls J& j ? (j^axjJI l^-Jaxj ^a AjJIjIa j 4 ajVu « a 4 ju£| O'® 

<_flj*jj IAjLula ^ Jjjj (_S ju l^Jli f. j-XU jti] jjc. ^ j|_4 J^Iaj 4_4j^I 

. S >UaJI ai* 




: (jjliuVI j>ib • 

v-lxJ^I 0^ (_>^bdl ^a* all { J& c «J jJaJl £lsu*iil JaAwu LaJC' 

„tl JajjLuJl Aiaij 0-® ^>1&JI 4 j^xJl £u» 4 jjIJ ^iuaj bal , „tl 
Luajl (jjAxlail ,f bu*0 4_uA£xj| Jjfr j t Ja ijjLJl 4 jjI jj cijju <jjo£UI 
jjjjli (jrfflijj jj-ulSaJVl AjjIjj ^ULall Jj^jtil £a 4 jjIJ - aj > u 

: o' (j^ cHl^-jVI 

LjiuJl 4 jjI j = o<l£*jVI AjjIJ 

St = s, 

jA (jjjibdl AjujIsj jjLL 4Jli f j^al] ja1\ JjLJl ) jlaj 

• £j\£ )jli 4 ^ O^t 

* (j£ til US ^ ^jjaUS QAtSUJt n\\ ^ 

9 Ajj ij Us 4-4ja AjjA (JjaSjlLj Ajj j^ua *Uj^ AjjA ^aaij f - 

a di^J bUu JS j Ajj jJait A^j^Jt (JjISxjV) (jjjli ^jjjLj - 

Ajj^Jt AjluiV) Axuu^Ij AjjLjIa (j-mISjuVI j is jjLuJ) Lt jj - 

. JSS Ajj j^uait Aaj^II AxuuiL Uajj j 
. (jSLuJ) f USt ^]ouj 4 f UiUSt ^ioujSfl AiUj - 










• (JjLS-aJI d) ^2 La£ . ^jj^IjlSI 4 

# A£j&La Ajuuij AjjA ^ 1 p (jaSxlij Ajj j^ia *Laj^ AjjA ^Ip ka.^j f j«uaJ) - 
AjLjiaj <^aj (jSi j Ajj j^al) *Laj^( ^£* <jjl£xjVt (jjjb JuJaj <jLaj V - 

.dlaJ £U-ui <j£ L5 Ip 

. *Laj^( ^ AjlujV) £j-a ^3 A-lujUIj Ailia-A (JjISjuVI J is jjLuiIt b) jj - 
. ljU£JI 5 5 c-Lui^Jt • Alui^t ^JaujS?) ^^Jp AJldj - 

• f jjiait jLuiSj) ^ 


i> 5 u-l guJJi 

^ is yLJi <Jj| j 

^*^e. 

j.vuii 

0JUV1 <»y j 

e r 


e, \ 




j _ .< : - ') ^1. -*tl 


aSUmJ CIamJi 



lip tA jLula <jP Ajj j^lal) CjIa ja!\ jj ^IxuJt uflljaJI jA 

^ ^tUl luuu AiljSil ^ £jj 4JlHj| 

| Ajj j^all ljI^ j^t AP j-uj 

^ Ajula j JjP )jj*uiLa jJjj 4jI£ j ail]) Ajjj UI j-uii j La til j 

JjULaJ) jLuit La£ f L&]L f jLa-a ufllLui cj j$ 

If <jt£ j J^sLM) jkuJl ^]p LIujj La Up jJalt ^IjluJ) - 
j-ujSjj lJj-ui Vt f (J^Iaj lJjjj A1a if>j n lJj-uj AIa 

Ajuala L5 Ip jLuiUV) J <j^L^1aV1 J <jjI£*jVI <j-a jIILa Aajxjj 

. 

: jbdulSVt • 

jjb, ,«j J^ali ^Jouj ^Ip ialujj bi jjja tpbuj <j) <j^ajjiil 

^ <jjj*s jA La£ ^jIj]) Jouij]) JjSrt iauij]) (J-ac Aib£Jt ^ (JjaIILa 

•(jt (Jiui) (j-AJ 4 (JjLIaI) j£^ui) 
iaSbJ) £U^J) <^jj Sjj K^ a ti AjjIjII ^ ( 0 - ) iajLJ) AjjIj - 

. ^JauJl ^Ip ia ijluJl Aia&j q-a ^Ha]| J ij-axI) j 

Sj j^^ a M AjjIjI) <^A ( 0 r ) jb^Vt AjjIJ - 

0 ^ILaJI J j^ai) j j-uoSIaJ) 

J(ILa) Sj j^^ a ^ Ajjlji) ^A ( y ) LiljaJVt AjjIJ - 

# ^AlaJI ^bLuilj ia^LuJt 


I cubital 


( (^fuul! jU-ijVt J^Ixa ) m 2 = 


jaStyJi C Uuili' --4 


: jLa&Zti JjVI o^liil ♦ 
sin0f _ i?i _ Ai 
^2 


sinQ r x>2 


. j - f j^a^l JJjj = iadLuJl f j^all JJjj 4c 


; jaui^lS jl ■ ..<‘VI J^bu) 4 

; uLjJuil 4c 

tJA ^ Ajfr ^j ( c ) f (jJJ ^ulil jA 

. ( V ) 



: (jji lift * 


c 

n = — 
v 

qj* LailJ )J& iauuj JjllxaSl jLuiSjVI J«abLa - 

jj£t tjA tej** 0^ *^4j ( n > 1 ) 

CP <^LiIbj L$-La jj£' O' ^*ji' (J* tejuil o*a i Vj f-yCall 

(v) ^LLaJl jliLa Cy* J^' ( C ) jljjia LjjIj 4J1 £^$jLaU £ jajJI 

. 1 csj'^y £'j^' j' ^ - U , | *' W '-<»' 



CjLul (jj> Jly, J ijjaLj (jlCl ij^Jl piLdl ^Ualuil t—ijLabll Jili Cy* 

W i^\ J jVl ia«jll ^ ( sin0j ) iajA*J) 4 jjIj <-ua. 0£ O' 
0£ *4*^' iauijit cP ( sin9 r ) 4jjIJ 

J^l*-a ^1) ( ji 2 ) t/j^' ^ f >ualS JjJitaJl jLu£jVI J^I&a 

: ( rij ) JjVl ^ f.juall JjJkJ! jlu^jVt 
sinOi n 2 
sinQ r n x 

: J& JuaaJ Ig-Laj 

n^sinOi = n 2 .sinO r 

j \ , ..<*Vt uju3 J^‘ ) ,jl ^ic- Jiui (jjjlij cijJU La jA j 

J^al^ ^jIuij ,ji AjV JajLuJl Ajji j t_u^ (9 I JjVI iaui £ j*2aU 

AjjIJ <_u^ ^ ^Ltfl ixut jU f JjUiait jUuijVl J-alxa ujua 

( jlu^VI 

: ^Luluil * 

• jji ^Lulwl ^Jaluu Jjfui lAa 


o 





sinOi v 1 A t n 2 

T 

Ul2 sin6 r v 2 A 2 n x 


4il!l£ ^ic ixui J Ailij£ Jii ixui ij JSjjj £Ll 031 <jl£ |j| “S? 

: 0^ 

n x < n 2 

17l > V 2 

A 1 > ^2 
sindi > sinO r 

. ^LLaJl J j^xll (O 4 OjJ^ua J-Uillmj ^LluJI O' t^' 

<iO£ JS': ia«ij 4ilii£ jaSj ia«ij 0^ JSjIj ^ I j) ° r S ? 

: 0 ^ 

n x > n 2 
Vi < v 2 
^■1 < ^-2 
sinOi < sin6 r 

. ^lAai) 0^ ' ' w *y A j ; "^‘j ; " pbuiil O' 


iaLuijj (jk a /jjk, .. j (jA JSjL 3^3 it bu*Jl (jl£ I j] “S 3 

o' ‘ ( 0 ; = 0 ) Hjil £jj J^aliS! ^hi nil ( jl& Lj ja& 

. ( e r = o ) ju-iii ^bu 


£&lw C Uu^i 
w 



'jUCbui 
w v w 



: Qj^ l,l ‘ l j (> jfci ^gj^uail pbuiit Jt£ul 

lA jlAla (ji 3^a ^IxCj ia ij)ft< » (JjLiaJI 

( n 2 ) djU-ijl JaU-» ^Ujll <> t-aia 4 ajI Jai ^ku< ^ ( 0 x ) 

<ja jjSS jLuAjl Jalxa ,jV) ^UlaJl 

4aj2| £>a AjC- £j!j (0 2 ) UjlJAa jLuiSjI 4jjtjj 
(0 3 ) U jlJla t A^uaJL iajLjj AjjIJ £Ja 2$ 
tJ*jfa jA-ib AiUJl d^A ^ jai ijlmSjl ^Ujj 9 ij^-St HI j 

(jrlajil jLlAjI J-abua ^a JSS 9 Ij^Jl jLuAjI ^IaaSI (jfr 

.(0 4 ) U jlJla jtu^l AjjI I Jj 

*'jA) O^lauij (jA jjSI £jj JSS3I 4jV ^IxuJl £*l AaJ UA 

& j'jS OWi jb^jl (JA jjSI J&S. (*'j* £b>j fJ 

AJUJI »^A (f gk jlu^VI OjuIjS dfcjku &lfrjfl juS . L d>a JS ^ jUuliVt 

: u' ^ 

f Ij^Jl £)a ^buiil JS2L lall& / Vji * 

12-517102 ^ 1 

^1 ^Ujil <> £buSJl JUL U.te / lub * 

n 2 .sind 3 = n.!- 5in0 4 » 2 

: 6*' Jj^' A® ‘ c&0'ji« v*^' <,#£?■ j O' Wj 

0 3 = 0 2 ( Jjbalb ) 

-•• 517703 — 577702 

: ^ J«aaJ 1 ^Sj AJjlxail qa (sin 0 2 ) J 4^W 





; 


A 




77i 

577702 = .577704 

n 2 


77i 

577703 = .577704 

n 2 


: ,ji ^ rVi-iMn l$iaj 


1-aS 2 ^ AJfr Uluaa ^ jJl (57770 3 ) j'^ 0^ 

5*1 

T/ 2 —7 .577704 — 9*1. 57770 4 

V 2 

••• 577704 = 577704 

: u' 

04 = 0 4 

^JIjj Lj*iaU JjSft ^ iaflLJI ^Uoiil o' cr“J 

. <> jrjiiJi g_buii) 


; (^ bal . ,.tt ^U^Jl o& ^jliJI Aal jj jlMa Jlajj • 

£l jjj jil uxlail jfr ^ JaJ JluJl Jila o-a 





o' Luaj; j i (cL) lA * Ail * ii a iaiLwJl ^bt uill ^ 1 ■ ^V1 jUlaII 
(jc- (O) lA jUaa AjjI jj i_i jaJ u jrUjJl JaU j- '■<**'* ^buHl 

o‘l u*1. j-^bj 4 JjUaJI Jl A fl (j& U£ ( _ s X^V I jLulaII 
j J--^-v*- ■■ IDli cjxLaS) (jjj (x) lA jliU AiLuui xKL j- "<**tt 

d 

sinQ = — 
x 

••• d = x.sinO 

: o' AaJ ^Ujll t-alaU 

— 0 + 02 
•"• (P — 0j — 02 

# 

d = x.sin(6 1 — d 2 ) 



^rl n<<r» i ^Uj3l >— m.La Jl&wi 



» 3 

X 

iIjj 9 JjI (ja 

:0> 


» 4 


CO50; 

4JjIxaJ) ^ 4 AJ^Lla]) <ja (x) 

{.5171(0! - 0 2 ) 



: qA^V) ◄ 

4JLSjj( Aj^ j^a ^LuaJ CjA^j IjIa ? La L1 ]L-uj LaAjP 

4ilj£ <ja JjSn Joujj]) Ail!l£ ljjISj a <jj]aujj 

? f ) j$Jt *U1I OA <Utia£ , l*u, Ijlt 

^jj£1u4 jLuiSjV) ^ Jiui (jjjlli iil^jJLA Ului^ J Jl^Jt 4*\\h\ 
oLaJ) jLui£j) (ja £LluJ) ^jU-luj wr j j-ualt ^LluJI ^ji 

AjjIj (jj£lu4 ^ 4J1 # ^\jhx 1\ JjAxit Ia£La djLui£j| 

. (0 f ) LjiuJl AjjI Ij 0- jKI (0 r ) jtuKftl 
jA U£ J? (0{) ^ jAuJt Ajj'J ® Jbjj LLa 2 1 3) ■*» '■ I jU j 

I 4A j i ( Q r ) jLuiiVI AjjI j Jbjlui Luajj UA 9 JjIa^I JiuJI ^ ^ua 

Ajj'J (90°) (> (0i) -lajA^Jl AjjIj Cjjjjil U1S Ail 

Ajj'j uV b&J u' (i' (90°) Ajj'ji' <> l±i\ (0 r ) jlu^Vt 

AjjIJ SjLjJ J jIjaUVI AjC j 4Jli t JajAuJl AjjI j <j^> jKI jl - -<*Sft 
<Uui o' J'Jjj jUKjV' Ajj'J (jli LajjJj la jAuJl 

o' (.$' (90°) ^jUuj jl ■ ..<*Sft AjjIJ lA A£> ^uaj JajAuJl Ajjlji 4 _Lxa 

AjjI ji 4 aj^' 1 d 4A (jAuiij J^liil gla/ A 1 bj'j^ j‘ u£im u ^^al\ 

Aj_fr o' dinj (0 c ) I4J j -»jjj ( AajaSI AjjI jit ) iajluJl 



( Gi > e c ) I AjjtJll (> iajluJl AjjIJ sJbj 

jj£> 4_uA£*j| jJjjj jlui&il 4j Ojiaj (ji qLaj V ^jjj^jaJI ^IjLuill 

. ^ I o-liuVI I j* ^^j ^LkuJl 


>1 flAi i I J JlaX-, I 



: (0c) *90*^' ^jj'jJ' ‘-‘J** * 

(90°) (JJ jL-ijl Ajj'J Ig^iSj C5^t JajluJl AjjIJ ^ 

. AjjjJa 4 ilii£ Jaj ixw j AjjjJa 4 ilii£ j iauij f j-jaM JSUL 



: o-M 

(jjJaui j ^jjj JjalL La-lic- a jlij j f j^iail <jjl£*j| $ jAUa 

(jjj 4 a ,jaS| AjjI jJl (jA jjSI Jajlui AjjI jj Ajjjua^j Ailiilll ^ ^jjiHa-4 

JauijJ) jLuiijl Jjbca JjVl Ja*jj]| jLm£j| J-4U-4 <jl£j ^jjk- - jJl 


Oi% O' J* Aaj*"" AjjO 




^jaJl AjjI jil <-!*■“*■ • 

• fax > n 2 ) 

^ i\ (jjh< >i j <jjj ^j^ja ^UlO Jlijjl £tjja jj JjIIaJI JLuJI ^ 

: Jiui ^jjjlS Jjjlaijj ^UJOj ? (0 c ) U laji*j AjjI I jj AiljSJl 

ndi = n 2 .sinO r 

; Js. J*aaJ 

irffto 

: £*l 4 aJ tg-Laj 

: O' Jj^' O^J ^Ojj 


n^sinOc = n 2 .sin90 

sin90 = 1 
.*. n 1 .sinO c = n 2 


n 2 

sinO c = — 
n i 


fl 2 Vi A-i 

sinO c = — = — = - 1 
n x i 7 2 A 2 


n x > n 2 
Vi < v 2 
^■1 < ^-2 


: O' ^ 


; ^1 qjIIjuVI CAjjjjaj 4 

; ^ <>r lAl^l <jjl£*jVI ( _yifr Jbjjxj (^Ul jAljlaJij Cjllulajll ^Al <jj 

. ( j' (j jljajjaJl ) — 

. A^jJail uflUftn — 




m. 


M 


• * w i * i 
/ 


I 


J 


^bJl 

Cladding 



1 i^fcsUJI 

Buffer Coating 



: ^ jtjauAdt Ljt^dt * 

Aa) bna ^cdiit JjJ Jaa SjLdt J^aLLdt ^ CaJaa S jAlla 

Jj£ JfiSft j^S LaJaP JjJal 1 jJd 4 iu^l l ^ SjA^Idt Sja3 <^£j 
dlj 4 ^Lui^bU *La£xaa Sjj-ufl (jj£jj jj f Ldb ^Ma AaI£ j ^aLa) JjAjIdt 
Ca^a ^i£ (JjjLSjuI V) 4^A La Ia)ja ^2J| *L-u£*-LaJS Sjj^udt LHj jj Adadt 

* 4 (J^jVt JA t-Jjdb tgJ J^J £)P (JAAudt (JA AaJL&]) AjUa^U 

? d]j djau 

♦* 

Sjtja 4 a*jJ £j£a SjjfSa]) bij ^ Aa) jA d]j ja*a£a 
A31a£ J&£ l^J *LuiA^ldt ft j^Jt dstida (jAdub ^Ip Ja3u 3 AaiijA (jJajVt 
4ib£ <jj£aj AJja-ui j£t I^aa ^Ip) ^t CjlLJaJt L&JaP f tj^Jt 

ft j^Jt S jtja AajJ (j\l (ja jSft £P Uxij jt LaIS tJdfc j L ^\ ft j^Jt 
ja dlida <jJajSft ^ia-uj Jjj£ (Jj£aa da ij-uj ^Jtdbj Aa31a£ Jt Jja j JSj 
C jlldalt (ja A21a£ ja£! blaJt bAjdalt <jj£a diau Aabdt Ai HL a ft j^Jt 
jaP J^ajj ui jaa Aaa AAJtiJt AjuaVI (jti Jaxa ^ua ^Jt jlajj LaJax£ ? Iddt 
JaIjla _ ^ipj 4ib£ la)J Alda <ja AillISJt ^ Ailiddt ft j^Jt C-sllda 

- JS 1 jikA jLudjt JaLla - JSI A£tA#d|J Aida ^t _ ^t jUaA jUaIa) 

Cjlida <jaa jddt £budt Jidt Ld £ j ^LLdt J ijaaJ) (jP Sjaaaa j*ui£ja£ 
£) ^t jLudj^t AajIj I^xa ^Jldb JtJjAj Ja jLdt Ajjtj JtJjJ bd£ ft j^Jt 
AiHi*dt ft j^Jt ^^ida Aaj^J) Ajjtjlt (j-A jaSI Ja ji^dt AjjIj ^a^a 
^IpV) ^t (Ja£aaa£ ^litJ (JjjISxaI jddt ^U-dd CaJ^iuj UJaP j 
V t ft j^Jt Cjlida ^jaj ^jit IjA Ailidt JaP Luajj CjtjLudjt SJP ^jUjj 
Jg\ Aitd£ ljIJ Aida (jl\ jSt Aild£ CjtJ Aida ^ JViij^a AJl^Jt dJA ^ Aj) 

^ AJ CaJ^J (jt ^)LaJ V) ^lidt J \JAxl\ (JA bjAJlA J^x«< mA 

lA-ijfrj L«*^ cP! u' JHuVI ^ 

CaJ^i ^dt Aiaidt jJ^a ^j-a AaJII I^aU j jJaa Caaaia ^jaxJ) ^ ^uaI] 
La£ laIj^jJ) Ifrdp ^jdaA Aj ijdLdt Sjj-udt d J^ ^jdxjt lA JaP 

. jAlidt JldJt ^ 

* Aaa jdd) uildSft ^ 

^i£Jt (JaI£xaV) Sj^Ua ^Ip Jaaaa ^dt AaIajlIS Cjlijdadt ja 
dAdj^dt jt ^Ujlt (> ^jluaA VJf 3 ' 6^ SjbP yb j ^^Idtdt 

• J Ljlida Ca^a (j-A ^jj£aa uiLLuiit 

^jJadt d jLudit JaLla) uilLuut djluj^ldt jt ^Laj2t ja £ jl u2a j udilt - 

• ( 

d jLudit JaU-a Lilidt djlud^ldt jt j^lAjJt ja ^ jdjaA j (jdldt - 

# (cdilt jLudjt JaIxa ja jSt i^iladt 

jid ja JliA iaUadt Jaa Ailidi jaP S jLa ja £ jl uaA jA j _JI jit Li^UJt - 

.Ad jddt LildSn ^t Miatdt AxdSrt 

: JaxJ( S jSfl • 

Aili Aa-ujUa AajIja Aaa ^ddt Aid]) Jat J f jdalt JaJa La JaP 

Aaj)j]) ja ja£1 Ja. jidt Aaj)j yj£j lA JaP j ydldt ^Jt cdldt (j- 4 Jidauj 





jj£jj j 4 j QduSUJt j c-JHit AajaJ) 

J&2 (jj^ 44 . jaj^U jiVt cijla]) J^su 4JLkt,llt 4jl£j| ljLujISxjV) 

. V ASUaJt 45 * 




: cjUt^VuAiVt ^a • 
0 lIljjjjVI J 4a£jlgJ) CjVU^jV) - 
. jUaiaib ^5^]) (j^^&l\ j jUalaJ) CjUIaP - 

. J 



: Jjfljit jjaIIaJI <4 

^ j*j * 

Aj Liliui 4 ^£j1uj^L jj SjLp jA 

. JLuJ) Ajuj^a jj 4 WVujja Aa jj Aj^Ij j 


0 

<A$ 


. AI 4 & Sj£2 * 

^jbuM 4Jli jjuMuti 4 ajI p IxuJ) JajiLui Jj& 

JaU (ji ijbaJl pljLutll JilL ? ^ULaJI J j«#jl 1| <j^> LjjAa j Jji jlui£j| 
J\ £J±A tub tjLu^l <JU*j jj^IaU >Vt A^jll ^ Jawi JJ^LJI 
. <JjLL 4I jLuiil ^ Ia£ ? ^LLbl iJJUia jjAIaSI 

Ua^j <^1 CjL»jiu4l (jiaxj (jrtlVuAi j! ,jLaj JLu 4| I JA JjlVu 

:<A* 

Cm *J > uaa. aM AjjIjJI oyAj jjJLIaJI oilj AjjIJ ^ (A) ♦ 
\ m ^lx.ui31 t la&uij jj ) < » 1 a\) 

jIjIa! £jj Sj ^uaa^ t AjjljJl <^l uflljaJVt AjjIJ (c) ♦ 

. 4_La £jliJl £buSJl j jj^IaJI J* LSUAI £buSJl 

Ujj ( e 3 3 0i) ♦ 

. MjJ (0 4 J 0 2 ) ♦ 
: Ajblxll <> (A) o-ij AjjI j JUjI £1aj + 

A = 0 2 "I" 03 

: AifeUJl (jA (c) (JljaJVI 4 jjt j Jlajj OIaj 4 
c — ( 0 ^ + 0 4 ) — A 


; jjutlrtii Alxutljj f j*2aii JaIaj ^ 

jpp Aajju ^1 kit jaJVI AjjIJ ji Aiibdl <> ^!)U 

(J3*il»j| <> jUa£jVI AjjIJj jj-iUl o“'j ^j'j 

plxl La£j i jj^lLa]| AajI ^jls- (JasajI (■ j<ua Ja ijiui 4Jli ^Uibj 

Aj QAaH ^>a Jjla jj] JiJj Axa*a J& ^ jiaj f >4all jl 


; Ai^btll 4 >aj 


sindi A ± 
sinO r X-i 



£-a L l-luuUjj f j^aN 4^ j^Jt JjJal) <jjj ^jj 

Jib c>ajjSft f j^t JjlJ ISp Ajli UA <>j (0 r ) jLdulSVt Ajj'j 
Aj 4-uall (jLui£j() £jjl Ajj'j AJ 0^ J* 6^ 

^jjl Ajj'j jSi Ai £j% lJj*j <>»* Jj^ Jj^' 4 i c$^' Oj^'j 
: 45^' cil j^ftf' Ajj'jJ AifcUJt Liui^ j ^LUIjj (jLui£jI) 

c = ( 0 ^ + $ 4 ) — >4 

< 2 )Sf 1 jlajj UA J . cr^ <-it jail Ajj'j JSI Ai l)J^ <- 4 OjiJ' ' 4 A 

>*uinlt j AjijajJI £' J^Sh £>a 4 ^ j-a Jjla Jjla' Ai j^Sft 


err 


gj£ Li'jaJ' Ajj'j J 5 i Ai ^j£j lJj^j j^Sft OjUt £ji <>»* Jj^ J*' ^ 
Li>^ ^LULj 4 ^ uitjai' Ajj'j jj£' Ai ^jSj lJj*j &i^'j 

0j*^ A x±aA\ £'j&' 4^) o^Sft f j*ial' cJjlai ^ jj*iio]l 4 J^*j 

OjIIl o' jj-ulLa]) Aiouil jj f j-ua]( JjI^j f U j) Luaj' 4 aj ci ij-ui. j IgOa 

u j*j' ja j^Sft ojU' ob o* ob^' vJ*' ^a 

. Jjll^l JluJt 4^ ^-ua ija jA Lo£ 

4J-4P Ujj^ 4jjj^uLa fJAcj^ jJa^J! ia jjLuj jP f Loil S jla$ <J-4 *j LlSiS 
Cj i&Luu j AjljuO £)tjlSf' 4P) 4>^uJt f j^a Jjlau ^ip J^xj^ jjJaiaH 

. CKJ* SjfcUa 




: ( Uja 3 ' ) cH^yt S >Ua L ^ £A\\fc\ A 

^jj£j £ja £)j£& Sj^aVI £)* St j^t jjjj u 

Aa ,j]| ^]p AJa jIuj AJ& f j^iait 4^ J-aju SjLoj w ^ a 
4 ^J 6 ^Lu^SU Sjj^a (jjjHi o^lixjVt '^4 IfL^ 4^ 

* L 4 & l^J 4 jja£UJ) ^JauJ) 4 JS-U 1 Liua j 4 juP jj 

Ajjj£J) S) jaII • Ajj1ul 4I) Slj-4]) • 

43S 4^ OjjSj LfcJ^ jN J& Lijall^ 


. A-jj 1 ula]) S) j.a]) • Vjt ^ 

# 4 )ldJ) La£ 4 ^ j{ 1 ula I 4 J 4 jjiSbtil ^ia^uJt oV ^«ujV' 1 


? (^t Sj^aJt ( 2 jJ^ l-LS ^ 

4 ^i 4 j^uJ) o - 4 ^ ia^LuJt f j^ait 4 jjiSaj ^Lui^VI pxj La£ 
flU]) Aajjj AJli o^' 45 ^ AjlJuV' ^ka,x« )j)j CjUIajV' 
flUiVI AJaSj ^1\ t^J Sjj^ (JjSjj ^sd) (Jl'J l^-uaaj ^4 AjluiSM 
. ^jVu 4 4 ial j^SaII ^aJ'j O^xit O' 


? blj^]) AJauj ) jj ^Lui^SU Sjjuall ojSjj uL£ ^ 

SI jAil 4>jSUi) ^JawjJt w -j £f* A^^» uti AjluiVI ia jIuj Up 
dl^ La btj 4 jjjISajV' (jjjli uiu^ AjuOV' (j^P ^1 p (J-aaj AJli 

Sjj^ ^j£jj ci juj Ajli La Aiaij JjP l^uaaj ^a Cilit j o-jai) ^Jp AjuiSf' 






^jjdxigJl 4 jluiV( V J dsi^j i£ 4j£j j f L&gJVt 4Jaij ijP 

lllIP j La 4ia£j lip ^SSU L-fl \jjj4 AjluiSM oil Cititilat £)S iiJ Ul l^-Jaxj 
‘Lu&iialt AjuiSfl oil (1)^1 dLSluil La titj ^Lua^U Sjj*^ L^l 
Sjj^ Stj-alt Jiti 4ia£j (ja tgJtS j jijj L-fl ij-ud 

.oTj^t JitiJ Sij^jg tg-lUj jijj 
^jk j-ail 4-kdjd ) jj ^.'vtt >jj*u2 <jj£jj 4Jt i^J Jjxuj La*a 

: a' 6^' 

. ^SauiA Jsl jjIaUl ^u»aJlj £j*JI 
jj ji 4JaH IjP Stj-all (jg£UJt ^kuJt <jP 4 ^u1x1a] 1 AjuiVt 
<jj£j ui. j-uj ail f AJgjj IjP ^Jblbj 4Ja£j 

ojj*ga 


<j^jLu£A ^ljILuij uL£ j ? bt j-oJl A-IoujI jj 
4 j'yntjluiVt UIj LUli btj-ol 


£t 

j£ Ljj^ ( 4 juj 

U^oiS <jjd£txSt 

A i <X* 1 a\ | Am i *Tj ' 







i jilaJt Sjj^It oil 
oj^ait ♦ 
: AJblt 

iVt ^tiVugt -1 

b bt ja!\ ^L l aQ j ill oj j*^ 

ilgJ V ii&J tjl^a <jj£j ^ AialJ 

4 jlujV) oil La titj CjIiIajV) 

ljLiI^j) iji^j ^Jaludj (jjjli ^tiVugbj 


4-u£*iaJt AjLdSf) (> jSSft ^ ogPlxd ^iSlj tit -2 

Aisillt (j-uij Up { b5 &Uj ufl j-uj ^JLUb 4^ud£jugjt 4jugVt 

. OjpU-uJ) 

ALiilt dfl Sjj^a Jlaj 4ag£*iaJt 4 ju& 1 f USlj ALaj -3 

. f J^alt 

iJjP llSti (jiajult l^uaju £g ^Lulxialt 4judSft tit -4 

1>jj*£ jLuu CjtitilaVt flight Aisij Luajj j AjuiVt oil Cititila) ^Jt l^H 

. f j^uait djuj ^gj) ^JaAllt jt 
• btj^oit AJaudt jj (jjHoJt Sjj^lt (J&jL&L 4 

• Ajjji^j jt AjSjA^ Lat -1 





? Aj'jluLA d|j^ fUt u£aj ^xujjj lju£ 

La£j 9 Aj^Lula St j-a^ QAiSbdl j 1) ^La w ^a* 

£j-a^ ^ J^Ijj Ajj i^iaJl AsuibU ji^^4 AjIS ,j tiA jjjxj HjLuj bjii 

(jjj£bd) ^JauJt ^Ip iajLub AjluiSM siA biaxj ^jli ^Jbjbj CjUIajVI 

. Jiuit c ,i ^uaj^ jA SI j-ail 

diA ^1 p ^j-*jI£xjV) ^jjjli AjluiSM ^hVujbj 

^1p £bui j£J Ja jjLuiIt Alaij ^^1 p ^ULa]) J j^aJt ^jjjj dijatj AjuiSft 

oLalt -b-laJ ^jialuJ (JjuLSxjVI j JajJLuJt btjj V W *VJ <j-*£ it 

¥ ia^ib tiU . J lilt ^ US A^xIaII Aju&I 
tgJt <jja*Jt lg-uaju j-4 £t V A^SxlaJt 

St j-4it uili AJaij lip ^iuH IgJt lab£ AjuiSft diA UUIA^I ^-ujjj - 
. f j*IaJt djuj ^t AJaim (jj£j LjUllbV) f ISSI) AJaU - 

A^Jb l^jis j jJllLuj l^Jti jaLLaj) o^ A^lxialt AjuiSf) is jjLuj jlIp - 

JALuu£ A^SxIaI) AjuiSft cbbtlb) IAAjP LjilS) Aiaill) IUj o-a 

lip pa n-vtt *iALuL4it 

A^m >upj( feA *jSluU iai j Jp £& Sjj^a £t - 




* AjjIulaJI bt ja1\ AJouj) jj Aj ijHaJI Sjj-ualt ^ajLuoli ^ 
S AJlUl ^lUIuJ o' ALtjUit JlLuiSft ^ Jjxuu '- A4 

• Aj jSlAit 

| *Lui£xj-aJ) AjluiVI CjUULa) Aia^uj) jj Cjj j£j I^jS? AjjjI&j Sjj^yfiJt - 
. ^AMyW dUSt C5^ I^AIajI <jV AJUxa Sj^plt - 
^ o-^J Sj^alt - 

^ l^i S j^a ^ ALU J£ 4^j£*-a S jj*al\ - 

# I^jla pfiruaA ia^ ^Jp Sij^t 
(d 0 ) dijA]) Jxj O' bJajj^t tit - 

: ^ J^aaJ Ujli (d .) ji 

St j^it ^ jj ^ 1 \ lu = St j^it ^ Sjj^t lu 

do d^ 

Ujli (fi^) jb Sj>mt Jjlaj (fi 0 ) ^A ^aJt Jjia £>\ LUajjit tit - 

: J& J^aaJ 

^aJt Jjla = Sj>mt Jjla 

h Q = hi 


; Llj^l ; LJIj * 

eft tjfj (Ijjaujj ^ijjt <y* J^t u*> 

: CJJC^ (^! t#Aj ‘ »j£ (> a If ja. Q^lxSl 

(> f jail jk o^lxSI (jkj : Sj*Ul Slj^l -1 

. I4I4 f. j± jjj*j <^l SjiJI 
f. jaJt jA l^aia*- 0J% tr^' St>Jl -2 

. tg-L» f ja. jjj»j ^1 Sj^il (> 
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: ^JJ — *U*' ♦ 

flj^Sn (j-uij (j^» w « 1 \ Sij^ilj S jxa^l S 1 ja 3 | (jA j£ Qj£jj 
4J j£2aJ| S jjj-ali ^uijj 1 iu£ ^iauJ (ji Jjfl l£a2ja_a 1 l^fr uaj 

; (jL Ia£ j t JjU^I JLuJI ^ 4 x .>i j a & jfc j t ill jj 

o»SlxSI ^k*JI ^1 SjSil j£j^» jAj : ((7) jjSjJI jSj^» o 

. Lg_L» fja. 

^kuJl j£>a ^ £Aj ALIj jAj : (A) Stj^t j£>« ji SIja]| <-Ja£ O 

. St jaU <j-£bdt 

jjSjJI jSjaj JA1 JjIaJl V fjfrw < i 4 La. jkj : <^tuiVl O 

. (A) SL^t jZj*Js£C) 

(C) j£>» 0 £ AiUdtJt ( S < rtVu ^ £& Alaij ^ j : (/?) S^jJl o 

. (A) j£j-» j 

^Luiil (jj£j Sjiil jL£ t i^gj jA j : (/J) jJafl t o 

. l^la * ja. Si jaU o-SbLSt 
j*j (F) SjjJtj (A) SijAit jSja ^ AiLAAit ; (/ ) csjjJI J*jit o 

: O' </>> (ft) jj^' J=& $ jUaj 

4 k. / ft 

I ' m : Sjxiait i\jAl) J SjjJl ♦ 

$ jxLa S I j-aI A^uulb AjI^J VL-a (jP jJa j.Waa <jisjlii] 

J^luu Ajj ij^aJ) AjLutVt <jt3 5 SI j-aJI dl^jb f jJa Cjxjjj <j4^uil J1 a 
jA La£ ^ AjjI jIa j A ajSIula is jlsxi A-uA SIj-aIS (j^StxJl ^JauJl 

d^A <j-a ^Ix-ui j£ (JjjISxjV) ? JjIL^I jLuil ^ ^us ij-a 

y! ^ujLujVI *aM dL^jL qjo£ajuLui ^bub L 4 j^u^ AjluiVI 

(1 i^lu ^ AMS Ig^isju j-a ^ ^aVu ^ (ta5 illj A^jj£x1aJ| AjluiVI 

aLH]| 9 (A)Slj^l (C) Ai^^l 

V . 

• (j| J^LUJ Laj) 

Ais«uil jj I^j V AjMSi Sjxi^l S)j-a]| ^ SjjjI) - 

# Aa^£jlLaJ| Ax V) 

# \^\\^ AJsSLuJ) AsuiSU Air 4^4 SIj-a ^ SjxLa]| SIj^I - 

: Aj^a^t Sij^t uh SjjJt 4 

AauiiJb AjL^J Vta Cf- 

Ajj j^ait AjlOVI (jli 5 Si jaS) olaJiL f j^a Ojujj (jjiAuiit Jl« Sj*ia Si jaS 
A^aj£2ula is jkk AjaA St J*U ^LkuJl ^1 J-ualuj 

^buii j£ ^ISxjVI ^uSsajj 5 JjILaJI jLuil ^ua jA La£ 

IJxIxa Aji XI ^Ixwi J£ Lm&JJU& Axw?il d (J-A 

(JjjSjj) (jia^l l^iaxj JxLj Aua£x1aJ| AjuiVI JS ^jl j ^-uiLuiV) 
|j| JjUuII (jSi j (jisnJI 1 ^-usxj j-a Ax^iSfl jl (3^ V J 

t ^ a^xj /t ®,4 ^jSaIj l 4 ^uj I^jI ^ ^ ^ A-uj^x^aJ) AxbV) d JA jUiIaI Lla^ujj 
J — S j ^» J jj£Ut j Sj-> Aiaii 4 (jiaxJl 





. S jjjIIj AlaHll d JA ^aujj j Si j-olt 

: ^ (Jfwi U-4 

AJouj) jj <jj£j I 4 JV AjjjJ£j 4 vw A t) Slj^t SjjjI) - 

# A^^uLaJl 4juiVI Cjbt^lat 

# l£ji& AiaSLuJt AjLuibU 4JjLa Si j-4 AjJ^aII Si jaI) - 


^SjjlLaH SI ja !\ Aixuut jj Aj !j£1a1) Sjj^aJ) jj ^=; AjluiV) lala^A *t.vVu*it 4 
^hVuab S j*Ja Sjj-4 ^La! u£jL ^ui^l Aj ij£1a1) Sjj-^31 ija Jj^j ^jS-aj 
^-ujjj ^j (jilS j ^u^J) i ^ AJaSj JjJ^Sj <ilb j AjuiV) 

• Aj]U]| AjuiVt <ja ALilll iillj £>a Jjllajj Aslui) Aj^j jt (jj&hua* 
• djjjlb f jLa (JA&UJ Ajt£ ^-ujLudSf) jj^alt bjt ja iadLuill ^IjLuiit -1 

# ^-ujLuiV) jj^aII bjtj-a AjI£ $ jjjJb t jLa ia^LuJ) ^buill -2 

m A*ui£j (ja£xjj Ajb jj£jJ) JSjaj (jLa laSLuJ) ^buaiit -3 
ui ij-uj IfrjUalt AMj (jti AjuiVt d^A £>a j3Vt (jj^buui f Ulll <Aj& j 
u AjjL ^lujj ^J f A uyW (jfel ^ ^Sj AlaUlt Sjj*-a ^A 

. JJ^t ^ < ! ^JJ 


^bi! ljj j£j 1 Jj jj 




AJouj! jj Aj j£jaH S jja^JI (j^autuai ^ 

• 4«t ;yJ£j jj - - - .'^1^., _ | 

Ajui uVl AJauiljj Cn ij£j I j) AjSjA&i <jj£j < — 

>k • 

)j) jj A^a.uti AjuiVt CjUULa) Alauiljj C1 ajj£j Jj) AjjjJAj <jj£j < — 

. Si jaI) L-ftlk Cjjj£j 
• AJjj3U4 jj AjjISa (2jJ^ -2 
CjjIS |j] jj ^uaII oLaJl (j-u£P Sjj^aJl dl^j) (jlS )j) AjjISa ^jj£j < — 

lLu\S |j) jj ^uaII dl^j) (j-uij Sjj^t dl^j) (j\S |j) AJjj xa ^jj£j < — 

9 41 V* 4 

: (jAS jj S jjIa jj Sji^aA ^jSj -3 

. SjjIa ^j£j Jjla jjS) Sjj^al) Jjla ^IS (Jt <— 
.S juaa ^jSj Jjla &a jSj S JJ-^I) Jjla £t£ I J) <— 
. ^uaII (jsiM jj£j ^uaII Jjla jjLuu Sjj^lt Jjla ^jl£ )j) < — 



• S j*Aa1I SIj-aI) Ala^j ) jj Aj jSIaI) Sjj^lt qajUaL uijjult ^ 

j Sj*jLaJ) SI jaII AauuIL ^uaII ja ^tua jj ^lUlt Jji^lt 

• Aj j^jaII Sjj^lt 
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1 F'" C 


jJuj S j*aaJ) St J^l aJouj) jj 4J j£jaJ) Sjj^Jt (jt Jxu, Iaa 

St jaJ) 4Jauit jj 4J j£jaJ| S jj^t ^-UJJ ^9 AjLuiV) ^I.VVujiI 4 

iAjA^aW 

^t^VujL As . W A \\ S) j^\ AJouj) JJ 4J jSUll Sjjj^lt ^ IJA (j£AJ 
* 4-iSUlSt AjuiVt <ja jSSft ^uijj j AjluiV) 

sjIJjaI <jj£j dnjkj (jj&x jj MJli ^-ujLujVt jj^aI] Ljt ja JaSUJt pbuiJt -1 

. S j JJL i> 

Ljl>» (j n 4Jli SjjHb Ij1_4 oJlHH <jj£j CLu^lj JafiUHl -2 

. (^ujLujVI 

IHj^ ijj&x jj 4Jli jj£Hl j£j>aj ijU dJlHH ,jj£j JaSLH) £-buH! -3 

. 4"ij 

JLuJI (jh OS <Lui£*iHl AjluiSH HblH^I fl&Hl 4 ajH diutj 

. JjIaHI 



; Aj^-all Si ja!\ AJftuiljj A i al\ y-V'l ^\£, uajJul! ^ 

Jj* ^£- Iajsu V Aj^aJI Si jA\ AJouj) jj AJj£1a 5| Sjj^il qa jI ■ 

. £jSj LulJ 

Sji^o i 4Jjjxa < AjjjJAj 

. s jjjii j si js ja £& LajU j t jjiiAii jiuiii ^ us 


AJ jSUil S gl ja (Jjjju ( ^2 jjjSjII AJjbua j bl ja!\ Ajjbua 

: l^uajUaij AjjjSJI y 

LIjaJI 

Sj^-aJl Axjj ( d Q ) >»jiW ^ J^*ri Sij^Jl J*j UjiSfrl ill 

ujia t jjiiaii jiuJi ^ j* ^ (dj) J*jiW Sij^it je 

; (jIji US LIjaM AJjIxa ^lAaomU 1 a j Ijj AifetaJl jjju (jl £)Saj 
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> ! R ]| aaaJ A.mulb Sjj^il AijXA ^ AJjbLAil »1 a > ■■* 

JAi (7l 0 ) > f^aJl Jjla £) uialjjabj (M) >J^W >Jri J 

: ^ us uiss jjjSSii aJjIxa £ia (/i f ) ja Sjjuaii 

hi dj 

M — — — 

K d 0 

Sjj^l A2 jX 4 ^jJaluij jjjSjJIj bljAil ^SijlxA (j«a j 

Jftlja SUIja u&j uV^la-oi) a 2A »>■*-*.*, ..1 Ale- J t l^xa ja JjJajj Ai jSlail 

: him s jiOVl 


- 
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Aj-1^-4 SIj-a]) ljjLS )j) 

S J*l« Si ja!) bulS 111 

f C5JJ^' ^ 

Si ja!\ uilk £tS 'j' 

si jA\ ^ui cp, Hi 

do (^' *-! 

Si jaJI till CUIS 111 

Si ja!\ e ui bills 111 

d t Sj>-ail JXJ 

^WA^Jl dl^j) (jli )j) 

JiuuSf 

^1\ oUjI 'll 

h 0 f^' 

Sj^l oUjI jlS ill 
(JiuiV 

S J>^2I sUSI 111 

^li Jjk 

CjjIS )j) 

^Ja^c 

Cu\S )j) 
kl&LA AjjJ^Sj 

M J^' 




I jli Jjj jjjSUI j|jL« jjj jjjSjJI AJjIxa Jjlii qa • 

:cM 

. Sjj La (jjS5 Op M > 1 
. (jjS2 Sj^uail (jti M < 1 ^ 

• ^ Ml >^ LH^ * JJ-^t M = l^ 

: jjjSjJI (jl£ I ili S £jj Jjj jjjSjJI ^ S jtiiVI • 

. <b jlLa ? <* <jj£j ajjj-ail (jli t >H<« “€p 
. 3Jjjfc* ? 4 jjjJSj (jj£j (jli ' 



M = -3 

. <b$JL« , AjSjaa jjjSj Sjj^aSI (jli c-JLui jjffitt (j) bu 
SjjIa Sjj*^l (jli 1 (> jjSI jtJk Ot Ujj 
. j 4 j S (jAal ^Ujluil ^Jal* ■■* ^UJbj 

S ub 4 ^b s -sx 

; ( 4jjijJt CjLujJxjj ) jb^yt a >Ua Cjl ^ 
jl (>^Uj <x**a. (jft Sjbfr Sj-uJxSI 
jj! ±ojx j j 9 j£ (j^ p. jai jjj*j 1 la 

. Sjj^a (jjj£i 

: cjluijfcll £t ijji 4 

. La 4 (jjfr jj ^j CjLuiJjdl jin *i Vi 

• Aj.1^4 4-ujJP -X 

tjAj , t-$ij^ o* J^t c#*J 

* Lo£ A aHa a JILuiL 
. Ao^JP - 

(AdfcU Aj^A) Sjxla Aj.Ia-4 A-ujJP - 
. AjjIula Aj-i^-a A-ujJP - 

. S jjlLa A-uuJP -2 

luaji (^j l^iijlal »ilAu< (> Jit Ifrlauij <&»*« (jjli ^1 (^j 

• (jL La£ A aHa a JILuiL £-i^3J 

# (jJ^nA jl\ SjXL) A-UlJS' - 
0 d jjuLa) Aji^d 1 j*Aa A-uaJP - 

. AjjIula d j*jLa A^jj^ - 

: a-uuJjlH f ♦ 

* ^ j f )J^V) o^ij ^ A-uiJaJ) j Aj.W^lt A^Jxil ^ 

^ j£j^ j (jjj ASLulaI) t S^lu ^ A-LSj * (A) JSj^t o 

. ^uJxSl (^J 

9-ju Aaj jjjxj ^t SjSJl j£>« (^ ^Sj AJaAj ; (Q JJ^t O 
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j tP'-g-j V iai : ^tu&! o 

. (O 

(C) j*J-» Lfc“ ( i^ii< if* <IaAj : (/?) SjjJI o 

. (A) cSj^Jt j^J^' 3 

4 ^<JxSl 4 a. j 4 )j% ^1 ij£l\ jlafl uLaj jbj ; (F) jjSjJI jlafl ui«aj o 

. Lg-L» f ja. 

3*3 (F) SjjJ'j (A) I : (/) isjjJI J*4' o 

: o' (i' ‘ (F) 

F 

f - 2 

: h±^\ ^-jfcSI ^ SjjJI 4 

<LuilxI) 4^-^ j ^ AJI4I VLa <j-a A-4lli AjluiI L ijIuj up 
4 jjJaj lip j 4 Ajj) jIa j A ajVu ja Ja ijki AjjA ^Ip ^jjSj t^Jli Aj.WaD 
1 $ 1 a 14^ jji lip j A-ujlxil I4J Ijil lip AjuiSM dll ^Ip jLuailVl <jjj) ji 
(w A ^ ) A"^ J < ^-ujLujV1 JJA-aI) dl^jb jaaSIj AjuiVl £- 14 ^ (j) I^Iuj Ulli 
(Q jj£jJ) j£j-4 j (A) 45 j^aII (jjj AiLuL^J) t PuHl4 A AJaSI lip 

. SjjAl y^UUJ 
: 4)1 jj^u L xa 
Aiauj ) jj ^jSj ..., ;.v^aJl <Lui.l*JI ^ S jjJl - 

# Sj^aSIaI) AjLuiSft 
J j jIp AJaiLuiI) AjuuiSU A* a^a A-uulP ^ AjI^aI) A-uilxIl - 

A : s jxIaI) A-uilxIt A djjjlt 4 

4J-4 AaII AjluiI ia jjLuj lip Alii AjI^aII A^uj 1 x 1 ) A AjuIaII AJ&jjlalt (JaAL 
ja . jjbi AjaI ^Ip <jj£j l^Ili S jx^aI) A*uilxll 4^4^ J 1^.1 ^Ip A-JI4I VLa 
lip AjuiV) dll ^Ip jLu i£jV 1 (JaI) jS ^JjJaj lip j c Ajj) jIa j A ajVuaia 
A juiV) ^j-aAi ^ji ,^u/y Ulli I4I4 14^ jji J A-ujIxI] I4J A^ 

V J (riuSm) 4jlaxilt l^uaxj J 4^-ujLuiV) jja-a!) dlxj ±4 
AjluiV) dll Cj(i)iIa) (jl\ f j^II) Up j 4jlaxjit Ig-uaxj jua AjuIV) dil A-^ 

(A) j£j-a!i 4^ aiLolaJ) c LaHa A Aiaii iip a^ 14^) 1^1 

. S JJ^' 4 r^J (O jA^' 

: A ^ 

AJouj) jj 4jj£j I4IV AjjjISj djxi^It A-uj1xI) A - 

. Sj-ui£1aI) AjluiVI CjIiIiIaI 

.I4JP AJaiLuJt AjuiSU AiA A djxijxl) A^lxlt - 

A*uilxl) AJouj) jj Aj IjSIaI) djj^It ^ujj A AjuiSf) A -*) Jiluj) 4 

•AjI^aII 

A-uj1xI) Aja^uj) jj Aj j£ 1 aI| d jj^t qaI it ^clllual j ^-ujjj ^ji t A j 
* AJUU) AjuiV) A 4 *^ Aj^Ij jj 4 jUj) ^-ujjj Aj.WaP 

j) A^ LJJ^ J-^ (A) A 1 j'- 4 ^Ix-uJ) -J 

. jtu^t 

• d 1 A* j-uUj Alii ^LujV) jj^aII Ljt j -4 JaiLuJl ^buuJt -2 



• ^-UjLuiSn J j^A 11 Ijjt jA j*Ul£jJ Aj^ $J jjJlj IjIa iadLuil) Uu. t -3 

# tgjh) J ja) ji Sj^a£ja1) AjuaV) 1$j 3 <^1 AlaSl!) Jj& SjjA^lt ^ujjj j 

• AjJaaJ) jt Sj*Sa 1) bt ja!) AJsuui) jj Aj i jilalt S j jj-^lt (jsi W ^ 

: j' 4jLia -1 

<Jli ljj ijSj t Jt jt Sj^a£jaJ) AjuaVI A-lauA jj ljj ij£j tJt 4 jMa ^jj£j < — 

. AujJxlt 


t Jt jt S AjuaVI Cj) Jt Jja) aJouj! jj ljj j£j t Jt AjjjJjSj <jj£j < — 

# AujJxlt ^Ia) ljj j£j 

: A1Jj*a jl Aa jlia ^ jSj -2 

ljjI£ )j) jj ^ui^lt dIaj) <ja£p Sjj-^lt olaj) <jl£ tJt Aj jlLa <jj£j < — 
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ljjI£ tJt jt ^uaaJt dl^j) <ja£j Sjj-uflJl dl^j) ^jl£ tJt A1 Jj*a <jj£j < — 

# AIJjjla 

: fo^alt ji S jj£a ji S ji-uflA ^ jSj -3 

. s jj£a Jjla <> jj£i Sj j^a]) Jjla £l£ <— 

.S ji-uaA £j*j f-uiaJt Jjla £)* JS1 S j>ualt Jjla <jt£ tJt 
. ^AaJ) o^ij jj£j ^AaJ) Jjla j jbjj Sj j^al) Jjla JS tJt <— 


* Aj.Walt A,. h J&lt AJauA jj Aj jilalt S j j^lt (j*a W aa A ^1p uajaull ^ 

^jjajLuaa j S j*Sa!I St jaII A lublb ^ujaJt ^3 jA ^ua jj ^Jblt JjJ^Jl 

• Aj jilalt Sj j-^lt 
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jJuj S jxjLaJ) SI ja!\ AJauj) jj Aj ijSLJt Sjj-uflJl j^jt jt Jjj^uj La-4 

. ^aJ) £$>a jjxjj 


A-ujJxJ1 AJouj) jj AJ IjSIaJ) Sjj-uflJl ^ujjj AjuiSh kLA. A 4 

•S JXJLaJI 

A-ujJxil AJouj) jj Aj j£ 2 a]( Sjj-uaJl j^jI gJjluJ j ^xujjj ji 1 **< A j 
* A-JUJt AjuiVt (j-A Ajuuii Aj^Ij j) jUj) ^ujjj SjxjLait 

J Jl*J <ji jj J ^ (A) j^J^W U-» 


c 
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OJlUal jj£j CjJJkJ juAL AJli ^-uiLujVI JJA-aI] Ljl^ 

^ 'j 1- * 

Lj)j-4 j^uiLL AJli SjjJL jLa &J|j2aI <jj£j jilt JaiLuJt £lxJJ) -3 

. l^Jbt jIa) jj S J^ 1 A\ AjluiV) A^Vilt jjp S jj-ua]) ^-ui jj j 


: S jxIaII A-uiJx!) 

A u*i illj ^Ja 




t jj AJ j£LJt S ■ ; - 1 ^Ip L-ijxJ]) ^ 

V SjxLJt A-uuJxJ) Sjj^t j-ajLuai 
• Laj)J {jJb j A-ujJxI] 

Sjt^A ? AJJjxa 5 AjjjJSj 

£tJa j-4 jA La£ SjjjIIj j juaJl jjj A-ujJ*J1 ^La) £&j Laj)J j 

. JjUuII jiaii 

£3 j-a jjjxj ^ jjj£J| AJjIjla j ljLuj^xJ) AJjL-a ^hVu j) 4 
* 1 j ^ \\ j AjL^jJ) A-uiJx!l AJoui) jj 
: ljLuu^lS) AJjIjla # 

Sjj^J) Jixjj ((i 0 ) > jib AjP jjxj A-ujJxII £)P ^uaII Jxj <jl LjjjpI )j) 
Jli c JjlLJt JUJt ^-Ja ij-a jA La£ (cf^) j-aj^L IgJp jjxj A-uuJxJt jP 
• ^jj La£ CjLujJxII AJjIjla AjJLjjLj t Lj Aj^bJl jP jjxj <ji j£-aj 
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0 di-f 


* d; = 
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d 0 ~f 


• 4 jjbu> 


Aouuib ^ 4ijXA J AJjIjlJI a i* ^^luu 

Jjiaj (/l 0 ) J* O' (M) >J^W 

; Jj Ia£ (_u£j jjj£j]| AJjUlj (ft.) jA 

hi di 


.uoa Aijxa »* CjLuiJxJI j 

JfrljS slfi'lj^ U&J CjVaIjLaJI OAA >t \-y-., „1 jjfi, j ( J^S JjjAJJ Aj ij£ 1 a 3| 

: AJUJl SjLuiVI 


- 
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a jxl* A^JxSl Ojl£ 1 j| 

AjJ^a A-uiJxS) ljjI£ bt 


A^JxSl uila. )Jj 

AxuAxil j»ui Jis |j) 

d„ ?***& *-} 

AujJxi) ^LaS clbl£ tJ) 

A^JxSl uolk Cuts 1 j; 

d t Sj>-ail J*J 

dl^j) (jl£ bt 

JiuuSf 

dl^j) ^jl£ bt 

ho r* aJ' Jjia 

S JJ^I sUjI ^IS |jj 
(JLuiV 

S JJ^I aUj| ^IS |j| 

hi SjJ^aJI Jjia 

Sjj^l Cul£ I j) 
AjjIS-a ^ '• -s •: a 

dbl£ b) 

AijjjLA AjjjJSj 

M 


I jli Ojj^l ji^Ai 



\ r : ^Uiiuil + 

jjjSjJI AJjIxa (jA • 

: lM 

. SjjI* Sj>-ail OliM> 1 
. Sjfcuaa £j£i Oli M < 1 °® 
. ( > < * | >^ o*^ jxa-^ <jta M = 1 °® 

: jjjIUI <jt£ I ila ^ Jjj jjjSj ! I ^ SjUiVI • 

. AjjJL# ? Ajjjjia. (jj£j <jti t_JLui °€? 

. AJjjxa AjjjjSj <jj£j a jj^Jl ^jla u & ,ja 
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JL dLxjJf Lwjjti 

jduaaji yip- UjxjjI LIS 


: ^ M 

: Aa>aJ) A 44 * AjjjiJt cjUj^I 4 

jAAiVn I4JI2 La ^ua j.Waa A-y. C jIa ja!\ L-jl-uj La-IaP 
<xa£) 4 -Jaj*luLA CjL^ ja AjjA ^1p CjIaIajV) 

^j-a Aluiluj ^ jib JLui ^Ip j^uxaJIj jaj'yua ^JLlSLij j 

LUI 1 I aiA Ul^a IJJ ^buill ji £u* ^P Alai: bikt U bl J £buit J 

l A j£j-a j jSj-aJ) S AaLla Ajjib CjIII^ bl JLulL lJ ij-uu ^jiaxb) l^uaxjj 
Aa .j-aJ) A 4 JA 1 ^ujb AjjjI^I CjlilaJl diA ^j-a J£J Jjilaj f jbail jA^a 
5 Jjliai) jLuJt ^ La£ Ajjj£J( ljIa j-bb AJLaJl dife ljL^ , j-bt ^-a-ujj j 

Jj^Il AjjLula jJjJblA 0 /4 j> JS ££ ^ib^t UJ^J 

. jAuob) AjxaIa]) Aaj j^l\ 

jJLua a]) ^jP dJxjjA jAAiVn AaaiH V uti iaLuj jV) ^ j 

9 JJjjJ) ? , > ,j-aJ) Jjial)) Aja ,j-aJ) ^ajLuaiJl (j^iL S Jjxj CjliLu^ 

^LIaI] Aj*uilib Ifrjui ijSj JS LaJ£ CjJ£Lt LaI£ j ^jLuojV) Ap j-uj 

I4JU J CjI^ \y\\ j^jj ji^/aAti ^j-a SJjaj CjIILula IIP j Aj 12 ^Jblbj 

. AjjIuj-a]) CjI^ ja!\ ^uib I^aIp U^aP j Ajj) jIa j A ajVuaa Ja jlai 



f f 


: ^ o ^ ♦ 

J-aju iallllt <j-* >U2 a V ^^P (j-« <jj£jj 4aj-a 4^ c3^)) 

CjUIajV) ^Liaa ^ j^ulUj 4JjLa2a Sjjx^a ljIa ,ja! ljI £la] 4jP j£ jJL-aaS 
^-uiIaaII JaiJ) U^a) La )j)j 5 Jouij]) ^ f j^uall 4 Pj^j ^jLujj 4Pj*ul 
^2Jl Jj-Ia!) 4{ v\ti JLulluj 4Jli 4jPji]| lj!^ 4^ 4-Ai&Aj 

J^-Jaj ^j£-ajj 5 JjULaJ) jLuJt ^-usjj La£ 5 j 4^jil4t 4^oaJt 

# 4jjlutAJl ljIa ,j-aJ1 ^1p LajI |44a]) ti& 




: jL^Vt SjAUai J n>M| 

jj*K4 A {jjk. n J JUjj 4-j jIula]) CjIa ja!\ £y* 41lu1w (jAjlij 

JjVt JayujU JjIIaa]) jLuiSjV) J-aU-a <jl£j j ) 4jjj*2a2) 4iLi£Jt 

4Pj-uj <jj£j ufi j*uu U> JjP j J&ui jll jLuiSJVt J^Lla ^j-a JS) 

La£ Jouj jit (jk tgjP j-uu (j-A ja£I JjSn ia-uj jJ) ^ 4 jj ij*a1) ljIa ,j-aJ) 

(> vJ&' 4 a j^' H-f* B 3 A ^ t^'j ‘ 

(jj£j ci ij-uj 4Ja£j j£ (j\k ^Jp JIajA j^xA JjjjiaSjj J^lilt ^JauJ) 

(J-A 4 ajU]| 4 ^ 4 ^JA (ji IsA^U j ? 3 Jj^a 4 jP j£ 4 a j-aJ jJ^aa 
A 4 iail]t (jA 4 ajUI) 4 aj ^1 4 g \yj ? JjSft Ja-ui jit j^nu 5 4 Jaii 3 l 
5 4 JaiiII (ja 4 ajU 31 4 a ja!\ 4 p j-ui <jlS ^JUlbj ? ^llS) Jauj jJ) ^ janu 
Cjla | 7 . ui /4 4 JaSjJt (^a 4 ajU]( 4 a ja!\ 4 Pjai j i; ^jj£j Li j-uj 
4aj^1 4^ja f 6^J ^ ^ , Pi > V 2 O' 

^ £) Aiail]) J^aj ^Ia (i; 1b t) 4$tuLAJt jiaSj B O* 

A 0-4 4ajU1I 4a 4-^la (j\k t 4jIaj]( S jSill ^j-uilS) ^ j J^li]| *U.A\ 
C)\ Lajj (7 4 Jaiii) ^ja (i 7 2 . t) U jI^S-a 4 iLutA lIjau 

v ± .t > v 2 t O^^i > p 2 

jjJ 4 *ja 1\ ja£) 4iLuLA l Ij^B <> 

Qj%a11 ^ ^La^) iaiJ) Ulk) U \k\j 9 A 4LiIil (> 

Cj^AJJ (illl] 4AJJJ 4 a dlAjt jJujJ cijAJJ Li S Jj^aSI 

D J C O / 1 ^^ ' O' '^! . J^' LS* ^ <^L^J^I] 

Ljlg-IA (> JS ^ SjjiaJ) 44JAi) ^ AjPj^ jJUaa ^ SjbP 

0 /i^j>ti o^ OJ^ C5^ 

^jjj^ja]) (jjj ^j^La^I iaiO UJaI I J)j 4jjLuj1a ^jj£j Li (JJ jJjJaI) 
4-ajJH) 4-^ja]) ^ jt jj Jsa ^ S JjJaJ) 4^jaI( JLuuj Li 
^cJauJl (jP Jj-aj ^45 4a ja!\ 4^ja ^j) Jaj 5 JjLLaJ) JLuJI JjIaj JjP 
4aj^1 dIaj) (jaj Sjj^aaa]! (0 x ) iajLJ) 4 jj)j ^jUij 4jj1jj J^aliJt 
^]p 4 JaiS &a ? \ 1 a 1 \ 1 jax 1 \j AB ^ 4 3 OJ^J 3^3 

<jP JjaS I^j! Jaj (7Z) 4-^ja 11 4auu]L j 5 J^lill ^JauJ) 

4aj^1 oIajI (jaj Sjj^aaaII (^ 2 ) ^-rij'j c5j'- u ^ 

. ^11a]| J jax!\ j (JD 4^ # i>M J& Lj ij-aP j S j^j£1aJ) 

jjjit ^ ^jISjIOjj 4jj) J]) UjIS (jLUIa UjJ] Jajj 4j) jLuJt Isa^U j 
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[ m S' 

1 1 E ■ »x>2)) 

iiiiguijii) 

\wpwjn 
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AD > C & ^ (ACD) “*> 

; J ■ * CLilla j£j jj jJi jIaj) Jl& j 

: (ABD) &&& 

1?!. t 
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sinOi 
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sin0 1 


c 


sin0 2 — 

n 2 

sind 1 xn 2 
sin0 2 je. n ± 
sind 1 n 2 
sin0 2 7i! 

: ji JaJ tg-Laj 

n 1 .sin6 1 = n 2 .sin0 2 

. jLu££U Jim j*^jj j jii ji (jib j 


: Jjja. SjAtlaJ jlaaA j^mii 4 

VI 9- jmail fA IJAi 4 ag 0 SjAUa jj. mil <j»a LuaJ JIajA (jLaj 

JjL Luj ua t 4juiaj ^ ill „1 j £. 4 ijja SjAUs 

SjjC' jl Ja.bk (j^» lA jjjjj (jC- lA jLum (jC- Jjj w **>■ " 4 jj jmail 

4jj ijJail 4 a jaJI 4$_a jjp 4_j| Jl£ Cla t JaIa ^ Aljui a 4 aj2 

^lc> £& 4Alil! AiLula 4 aj 3 ^Ic- J^IaJL 

i_iH CAaj^I lilij Jxj jmlill tlilAjAlj JjJa J^*lm 4 aj^J| 

. JLuJI (jk Ia£ CjIaUuVI ^a<a ^ ^ y-.atl j\ j^LaJ) | ja 


(jj* Ajli Ajj jaI] ja^I JjJaJt ji^aJ tjlaj j Aj) V) 

Jja SAja*Ait f j^all AjA^j ^^ait A jj^it SjAtla Aia^ilj Aa. uJta^Jt 

# AjjL^I AjI^ ,jaJ) 
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/ \y'V 

+ 

'X/V 

'X/V 
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.jf-iLtf / Jj 

^/Ai /Jj 



Interference 
Light and Dark Fringes 


Light Source Slit Partition 

Path of 
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: (gujj JLZ Aj jaj) f jJall JitAj ^ 
: JitAlit uLj*j 4 

Joui jit <jjAj ^ La^Aaxj jj £1 jt AALa ,ja 1\ (jA ^jjjILS f til]) jA 
Aa jaJ) Ajlui lgj£ A)Ajj JjlatjA AjP £Ujj Laa jj ij La Aialj Aj& 

. Alaaa^t Aa Ja1\ Ajua l£j£ JSj JjLUaj Al^Ait 

e>^> ♦ 

AjAjJJ 5 Al^Ait Aa JaI) AjLuu At Ajj JjLUa Aj^ £Cjjj • f UL JitAj -X 

. jiAit ^ us 5 ALiiit £is ja £is jt aaS ^ aaS f unt dij 

AjAajj ? Aluaa^t Aa jAit Ajluj I^jS J£j JjlatjA AjP ^ljjj • ^tA& JitAj -2 

. jiuJt ^ Ia£ 5 AMiit <ja£j pii ^a aa^ flint ai& aha 

Ajj ijJait AjU ja!) ^ Jit All t S jfcUa dAA AjAjj ^jt £)Ua1) (ja 
(jju Sf UL AL£litAj AA jAa AjP SfLuaVt SAuu lgj£ At Ajj JjJaljA Aj£* ^JJJ^ 
AA^itAj AA ijAa Aj& Sf LuaVt ^A*jj JjLUa jj^Ja AjP ^jjj jt AAU ,jaJ) 
AAU ,ja11 ,jaJ) J jJalt uajuajj (j£J j Ajj juait AAU ,jaJ) (jju Aa)AA 

jjiajJuJt ji jj (At Vt Sj^UaSt dAA Aia^^La tA^ c-ju^it ja Ajli Ajj juait 

: 0*^' 

1 SAijint Ajj ijJait CjIajaI) jt jt ; jjIjIaja ^jjA^aJ) jjSj j! -X 
jLujjV) Ap j-uij AAjjJ) j jAit Jjlait ja Aj^ .ja!) j^jb^iit jaAj 

. (jj^t WJ) Ax^Jtj 
AjjjJait CjUjAit jt : £jlit ^AUt ^jA^jaAit ^j£j ^t -2 

. ^tj ^JA Jjla dijAj 

(> jjjiaJVt ^aJUit ^LkLjt ^1801 ^ C 5 ^ 

JlajA IAja ^ AUj^Vb (£JJJ SjJfuJt Aljjaj ^ lajjuJt dAA 

ljLu^ ^ Aij^A CjLuAjS (jl& Jj-uaaJt Ajjilit dAA J^li ja > Ualuit j 

. Ajj jJait CjIa ,jaI] Aj^ ,jaJ) Jt jlaSft 

: & Ji ^ ♦ 

AaIaI J-ua jj jjlSt jAIa! j Au3a Ajjaait dAA ^ jj ^Ailuut 
V ASLaa l jjj J^aij jjjjlajA jjSaj j jlaj f juaU Allj jji JaLa 

^jajjJ Jiilt Ia£ 4 lA^J^li ja f j-jaJt Alijj jIaa-uij ljfijfi jAjuj 
# hfi JSj V Aj& AILaa Axjj >LaJt L-iIi A^aLui f jJait 

: Ajjaait SjSS # 

L-ujja j jlLiit jli JalaJt wf J. juait dLa , jaI) Ja ijLa AjP 

AjI^jJ) ^jaAi jA jjj f juali JSlu ja jA^aS ui J uj jJaj^ IAja 

Aiaalit (jjij ^ jjiuiit ^t J^j Ajj jJait AjIa ,jaJ) jV tjlaj j Jal^Jt uftli 
4 jjiit jAl^t f j4^Ii j^jLaja jtjA^jl j^Laaj l^Juj jj ft ^ t \ 
aaaib ajI^ jAit ^a jiLuist A^t ja AjAiiit ajIai jAit (ta5 iiij ui ^jmijj 



(-jJA 

^ pJAA LAJ& 


Aa3 ,%jk (JJlLuA\ -laJ q a AaJIS Aa j-a 4-aS f lilSl JjP j t jiVt Jj-uJl 0- 4 
Jit H Jo4j I^jaj Laj 2 djiyuj AJli La AJaSJ ^ jiVt J^uJt £y* A-Aili 4 _^ j-a 
^SU t tit Jl^Jt LUil ,j Aiaiilt ail 1 jP SfUJaVt Slui $ JIaj ^t ^ Jjj La-a f LL 
qa A-aJ li 4 _^j-a 4-a 5 i*iViti tit La! La AJail (jJaxilt La^u^aj £-a 

JoaJ Liji^i ^ JjJ Ajll ji^t J^uJt (J-A A-Aili Aa JA c li ^A (JJjLuJt i^l 

Jill j 4-kSjJl ail IIP Sf LJaVt Slui ^ ^ti&J) AjP ^ujjj 1 a^ m ^atil JitH 
(j-A Jl O- 4 S jiL^Jt ljL^ ,j^Jt jLuujt UU^ A £tua jj JjLLaI) JiuJt 
(J-A SjJL^I LjL^ J^J t ^a£ J^IuLaJ) JaUt JIaJ CjJJkJ bJLli (JjUoI) 

: ^Jj La Aj£ i^j j (jbuS JIaj ghVuti JaUt j QjQ^t ill 
i^t 0- 4 A^itS Aa ,j-a A*a 3 f HjJf AJaS. JIaj JjjjSft ^jJ( JalUIt - 

Jali ^a j-aIula Jai) jiVt Jj-uJt QA AaJI^ ^jl Aaj*a 4-aI £a Qj^aJI 
AjP ^jjj f LL JitH ( Ja^lA Jali £a gfoVia Jai) |?l£ ^a £li jt (j-aIula 

. AJalilt IUj ijP Sf LuaVt Slui ^ SibJ 
i^t 0- 4 A^ib Aa Aa 3 f liHil AJaij JIaj j. il j^llb ^aI) Jatlil) - 
(xJailb ial £la j^aIula Ja ) ji Jj^uJt (J- 4 AaJI^ Aa ,j-a plS J-a (JjS-uJ) 

. AJaHJl dJj Up Sf LiV) ^ ^Uut dUp Cjiau Jit U 
. f UjI) JlUiH Jalu ^jViaja ial ^ jij f UJ) JlllUt Jallj - 

. ^t^Jt Jitlilt iali ^auj ^jVuja Jali ^j ^ti^Jt J^tUlt Jallj - 
^ 1 p (JjSaj-uj Ajli j^LaJt lIH AuiLui ^Ja j Up AjI^ ^JIaIIjj 
J itlUt Jai ^ jij I 4 JV dlJj 4 aa^ AaIj %a (O) ^ 

AJaiUI AaiuuIIa La) # till j AJallSt j AJalUI AaiuuIIa Lllil j f LLJt 

AaIIIa Aj^j 4^LdJt ^ Jaj dlil ^til JltU Jai ^lp jij l^Jla (5) 

. (J)^ AJaiUI A-luaJL ll Jil j f ti ij-uj 

OH til^ JitUlt ail ^ ^jj Jllat - 

. ^AJJLA LAi^Jt 0^ ^tii JitUlt (jl^ titj f ^j-ua A LAi^Jt 

i J JjLajj Lllil J Qj^A^t 0^ AILulaI) ^ flArfViu (jk £ki (O) AJaill) - 
j^lai liUll 5 ^ i_i^A j uJA (jjJ 

. IajIj j c$ j^jAl ^«b gjjj 

l^jlfl ? ^ JSjAl LJ^JI ^ (_J^A Jjl ^ (A) AJaiiil $ L£j - 

... fx^AaAt 

.(m) j^J^W ^(jAaAl lj^JI Jlkjj t I iiA j 

(^aAj LgJlfl ? ^ JSjAl v-ifSt ^ ljJA Jji ^ (5) 4jalLl| ^Sf Ijlaj - 
luajij ... fj*Al *4^ JjSft fJ*A! v4^W 

. ( m ) >jJW v- 4 -*' 

. ..^1 ; .■ aH =k jA| JjJJl uLui^i • 

^ M (jfr Jxjj 4 ni l mi\ | (( (jib £jjj A^LuiAl (jial jjfib 

; £j t lA jIjLi AILula 

: (j j£, jAI u^J) aIc. o 

(jAui^ T { UjlJiA AiLuM ^Jaij 5 ^ jiuaAl qa ^\a1\ ^biAJl 

. jUaJI 

}' UjIjaa A^Lwla 5 2 jJu^Al ^jUI w 'j'^* 1 " ^buuiil 




,aUa Jj-Iaj 


*;A 




: O' (j i (jj & iluaO aILulaJI (jjiij QU?tQj (jjfrbu^l O' AaJ j 

Vl = ^ 

(JjfrbudiJl ,jl£ |j) 4»uiLuJl (jk (jj £ja uAA ( jlC‘ * Ujli ^bJbj 

. 9 -u^OA uAA ^£- Laj'J J ■ ‘ j ASLulaJI (jAj Q' « b a j ^ 

0 4 jxj ijs- f AuluJI J& oj^bJ' v* 1 ^' 4 jj J ls* m O' u^'j^W o 

: 0 JS-AJ! La£ {j J£ ,ja5| 

J^aj ] Uj'jIa AILula s j-IusaSI O'® ^JlU! pbubil - 

^j A*ai V 2 bjlJAA A^Llaa ^la£j 5 0"® 4 m A 

r 2 > r 1 O' m 4 iaIUl 
: (d) j'jiJ ijjlii W jaa£ (L) j'ji* - 

L y> d 

, J^' , OaJ'j 1 ® r 2 j r a 0±jb-ul' O' jW^' lA^ <^Wj 

jiyull) r x jt-ull 4 Jjj o-* ^ &■ Ala <^b]bj 


7*2 jLulJi 0 *® (x) ^ibjtAii (jia ( 


j r 1 Orij'“ u ‘ A ^' 




jb^' j 

1 jb^lll AjjLuiA Ufl JMI 



9 JjaJ' Ji«j r 2 jb**i' l>® c jV 1 ®" * j^'j 
: O' ci' (Ar) >jJW ^ >j®j r 2 
Ar = r 2 - r x 

(/// ) ^ Ua*tl ^J| Qja.*tl j jjj AiLuj^ij 1 a ■ ^"' * * 0»« ■«■ j£g - ■■ A iaa ^uij jj& - 
Jaaj AJalj]' oAA Ajfr uAgJl O' AaJ (//; ) Ajjjj ^il! uAgJl lA-ilfr Oj^ cr^' 

4 jj'jJ' j'-il® (JJ b -3 <^Aj , (| 0^ ( 6 m ) UjIjIa AjjIJj 

. r 2 jb-^t J& Jj-»xSI 0^ 

Ajfr AjjI jil fJl Oj Ha <j£Jb (5 1; s 2 ) -^1^' 0*' ^ L>® - 

: O' Jj^t O^j ^bj ( 0 ) cfA lh'j ^j'jj (R) 

JjIIaII 
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jjjJI 


Ar 

sinO m ^ 
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m 

=0 

( j j^ jb' U 

^') 

m 

= ±1 

(jjSn P(y^i\ < 

^') 

m 

= ±2 

((jjbll f. i ySaj)l\ 


m 

= ±3 


V-^l) 

m 

= +4 

P(^aAl\ 

4 -jafS') 


. IjSa j 

1 



: o' ^ 

(jluiAl Oja) Ar = d. sind m = r 2 - r x 

AijXA 0^®J ‘ 0^' L>® O^J^b^' O^b^' 0£ jbu^l Oj^ AaajLlaj • 

: ^ US 4 (/;/) Ajjjjj OJ^' 

: 0^ 'jj ^-wibSJt ® 0 ° 

Ar = d. sinO m = ±mA 

: O' 

: JJfr ^ jlukij ? - 

wi = 0 , +1, +2, +3, +4, , +00 


; | j| 4»uiLii| ^ xa uJA o 


m 

= ±i 

l 
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^1) 

m 

= ±3 


<-!■+") 

m 

= ±5 

(CllilH) ^J3 LaJ| 

M>+") 

m 

= ±7 



m 

= +9(o^liJl ^jsla!\ ujA^JI) 


. |j^A i 
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A r = d.sinO = +m- 
~ 2 

: O' ^ 

: m - 

wi = +1 , +3, +5, +7, +9, , +oo 

: ^ utyJi 0 ^ (m) ^ • 

(y m ) UjIjL* ^ CP (/;/) O' u^'j^W 
.lie- AjjljJI ^aili Cl£±a JLOj (0,Q,m) ialiiJ' O' O^J 

: (ji quuu '\ (ji Ujli (#) ^jU«j (g) JlOl o-ij <bj) jj (O) 


tanQ m = 


» 2 


ym 



j!jL» £la t (L » d) Ujj jjLua (d) o?mU 0£ ^LO O' 

: O' Jj^' 0^ cr^Ui ,W b^aO Oj% (dm) 4jj' j^' 

tanO m — sind m » 3 

: J*aai 3 yi 2 jl (jiajjajJtjj 
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: ajI ^uiLj 



A r = mA 

; Sjj^Jb 4 ‘bJb-Al AjU£ 44 a j 
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y m = 


d 


: O' ^ 


. jSj-41 lj^JI jC- (/;/) 4 jjjj (j '^1 1 <— y m 

.(m = 0 , ±1, ±2, ±3, ±4, , +oo) v-^' <- m 

; £la ^4 (/;/) v*^' 0^ ' j) °® 
vl 

Ar = m — 

2 

• Sjj^aJb 4 42 jb-Al AjU£ O^S 4 _ 1 aj 
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y m = 
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: O' ^ 


. LJ^JI jC- (ill) 4JJJJ <j '^ ' fJXaJl ^ <— y m 

.(m = ±1 , +3, ±5, ±7, ±9, , ±oo) *j*J' Aiij Jlu ^ m 


(n)j(m) '- A +b J* 4iij (Ay) u jv ‘ ^ a O^^a 0£ -^' • 

, JA^' J^Ai' <A b£ v^j^W (y n ) j (y m ) 4ib-^ t$ j^j^' v-+" 0^ 

: iaJ jLuJI J!)U (jAj 
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: O' Jj^' 
nA. L mA. L 


y n -ym = 
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d 
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••• y n - ym = (n - m) — » 5 


n ,tti — 0 , +1, +2, +3, +4, , ±oo 

0^ 0'*^ ( n)j(m ) J* A±jj (Ay) O**"-* 

0 *j , JA* 1 ' ^ v*u^W (y„) j (y m ) 

nA. L _ mA 

y« - y m = 


•• y n -ym = (n- ™) 



v>J ^i 

i jiiii 
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: O' ^ 


+ 00 


JJL4 uJAj uiA (jjj JxOl 

(«) V-^'j (//?) 4^' O' U^'j^Wj 

nA. L mA. I 


.4 


\p 


d 

2d 

( m \ 

A.L 

in — — 

J » 7 

V 2 / 

d 


y n 


n — 0 , +1, +2, +3, +4, , +oo 

m = ± 1, ±3, ±5, +7, +9, , ±oo 


O'^f 


y n - y m = (n- m) 


A.L 


y n -ym = (i) : 


d 

A. I A.L 


d 


d 


y n - y m = (n- m) 


A.L 


y n -ym = (2) 


2d 

A. I A. L 


2d d 


l ( (JJaSjl* j) (j^i+xa ) Qjj ^ **'**' * 0^<^ (JJJ Jsuil Jl^j. • 

AjjmxaII (-jIjaSH (ji AjlS {jjllluOa ji (JxajXA 0^^4^' 0^ '^j 

(n — m = 2) AJUUI A4j*aJI ( n — m = 1) AJUUI 

cs* Aj' J^aaj tjjjjjil (tf) J (5) ^ 

: 

A.L 

y n - y m = 

. A * (_jJA J f ( _ r ul4 (JJJ JxJl • 

; Ai^ljdi (j^» (jailaa. 01 (jjj JxOl jIajI (jLaj 

A.L 

y n ym 2d 





4_ujLui]| (jlc- A 4_aj3L d il j) A (_j|JA*^| QA JJfr • 

: <_j|JA*5ft <>» Ajjj jit jt) 

Uijfrj (O m = 90°) jlAa CP a^A cji 

sinO m = 1 

; jjlS | jl2 jLulJI Jjjfl 4jjlsus ^ 

: £li 9- ls jCaa =®> 


d 

m = — 

A 


2d 


m = 


c* 

: £l£ fix* H$J1 =®> 
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l Jjlftit Aiauj ) jj A jj^t ^ 

LaAj£ gu jj ^jLui Ajj^j ^ f j^kB AjA^j | ALa Jjauj LajS LL&kj 
f j-uaB AJLLuta jALuxa La^JlS j yULuB) J^ju t j ylLui Aj j^Iaj ^ 
wiiL LuiLuj JilHU JaLyi yj£jjj u j£ SjAtualt AjI^ j^ 3 t Jil A jj] 
Aj& AjA^j (Ala yli J 4 jjlul 1 JWjA )Axa Jjjjiu j ABa j y^l^Jt 

? Ayla 3 S 1 Aj jaIa ^IA-LIujI 

f j^ja AjIp iaLuijj AyLa Aj JaIa ULaJ A^ jj Aj) y Vt yjajjAB 
Aj£ j ^ y^LaJt y^a SjjjS ASLuia Axjj LljLui AJbLlujt ^jjj yjBt jAIaI 
Lg-Bp IgjjoL J^IaB) ujtAAf Ajj ij£j 4-JuLuJ) LjtAAVt SAALuLa 

yLai uL£i 4 JjLLalt JiBBt (jl La£ hu*n ufcUi) La yjLuB) Ajy^j ^ jj 

J? aBa Aj jA^ 

ia^LuBl ijJa]) ^L-uBt yt jLj&L ^^A aBa yiuiB ALyla JJadj 
ui j^ju AjjIula ljL^ jj>] yl2 ^JUSLj SAjxj A^Lula y-4 ^All ^uJt 

lJ ijuj UAjP A^ j^t A^-j^ ^k JaHHt ^j^ yl^ i >bJL ^aIou^j 
^jjluJ) ^ (3^ (J^ Ljt U C5^ 6 Aiaai]) yAS 3^1 

Ajj CjJAi ^ a yaViS LA Laj 4 JjAlLuu ^jj^ j AIjLuj JJ J^UJ 

J^lLui iaimt y-a AP jj 4 ^ j JWjA )Aj^ liua, j 3^^ jVi ^jj 

yJJ ^ AJaij j£ yli ^JLiLj jjla]) AliLa f yuall AJjLala j AiSluta jAL^aS 
6 ^JJJ Ajj>S ^ 3^ (JS Aj ^jSj jA]( Jjaxi) yAS Jja*j cij^ 3uJ) 
ylS (Ali AJaU j£ y-a A-aAlSJ) f jua]) CjI^ j^ y^ J^)Aj Lj jA^ jA jj La^ 

JilAj]) yl£ (A) Laj A^uiLuJt ^ AjaJaa AjlL ui j<u£ f LL JilAj]) 

# A^LuJt £jk 4-aja-a AjlL JjlLait ui j^ ^lAA 

3i]) ^ujVi ^A ALjL yl2 ^ AUa Aj jAa AjL£ yLuiLI 

^ L/a # i j£ yjaj^ jA 3^ LlS 4 yjjLjla y jL/al 

5 UjJ (|i Jallj 5 ^ ^jlaj (a) c5^' u' O^J^J ‘ (^) Uj%^ 

# JjlLall jLuJt ij-a jA La£ 4 AJjLala jAL ^ a 

AjjlLa y^LaJt y^a tA^ SAjxj ASLuta ( \L AuiLuJt yi jLuPLj 
^L ui Ajj^j IaLa^jpI 3 ^) y^ijjj AJli ^LULj ^ 3 ^ y^ajxj 




(jj£j ^ <Uaij JS (j^» Ajxjlftil 4juiVI O' jjjxIui UjlL jj 

£>a i^jul a j*^£h $ I 0>® iaS. iaULui) Jj£> j 4 (jiajuil l^-Uiu ^ AjJI jU 

Cjxi1a]| j JjJaVl ^IxuJ) ^ J j^fr ,J}04l (j^a ^jidl t. flu'll ^2 4iaj9j 
O' ^ ** (3) AiajjJ ) j 4ja&jj) Jla w ^‘ ^U-uiil fjk 1 fl 4J 4jaij £>* 
J*ilt J J*j3 (3) ALi^lj ^jkil Je\ J (1) A±& 1 1 

A u inlb Luajj OiiS j ^jjUjLaI^ (jLijSj (jjjJaAjil qjjIA (jl2 ^jJHIIjj ,.tt 
J<^r\*i Ujli 4 IjSa j (5) j (3) ^jj'Wa'U 4 y n*iftj Luaji j (4) J (2) QjikVi" 
Jj 2 £jLmj jAj J1A11 ^ US O /^iti 0^ Cm J jfl 

Jj2 4 JjIxa Jjjiuj dJUJ Cte ‘ 0£l£*' O^^Ula O^aAj v$i 0# jlutaJt 

: ^ US jUlJI 

Ar = d. sin (0 

: o' 

OjfrfcSk Cm axA\ <— d 


Arl inO 

l jLul^I JjjS <jt£ (J) ^LuiLuJt JilXi ^£0 L-ij^uu ^HSbj 




■1 



life JilJj * 0*' C£a£ Uiaji ^luiSi 4 jujI ^1 LUui2 I j|j 

* JjlS b) <LuiLu^) 

a A 

— .sinO = — 

4 2 

2A 

sinG — — 

a 

5 Jjjl U<Lmfl b) 4_uiLut]| ^2 ^|JA (Ja'Jj Qj ; ^ OJjSj 

; (jl£j AjjLuula ^Luj) 

a A 

— .51710 = — 

6 2 

3 A 

51710 = 

a 

; jlS |j| <LuiLuJl ^ 4_al4A ^Lu 4J) AaJ 

UlA 

sinO = — 

a 

: jUujj ( 111 ) O' 

in — il, + 2 , + 3 , + 4 , , +00 

. JjIIaII J1A1I ^ US 



: ^U 4ia^!U c £* j ^ 


. ^j£j-a]) <jP CjJjuj! La i£ JSj 4 nJaUl ljI^aSH Sf tUa) S-lU - 

. Sf LuaVt i±ui ^k J&\ £)J$1 iS J^J^t - 

' 4 ij^aM ljI^AV) tiLujj i ^jLujj c-jA^J) LLa^jj - 


Ml !■ 




-< 


: jj>^ ◄ 

4-uA ^ <> A^>a^a ^ ^ jA : ULj*j • 

. JiuJt ^jk La£ ^ (jjaxU) IgUaxj ^ip Ajj) jIa j 4 aiVLaia Ja ijJai 

: J-axM S • 

j£ <jli Jjj^Ut ^cJouj ^jIg* AjjIulU) CjIa ,jU) A^j^ Ja ijjLa Up 

CjUjjJJ ^1 (jljl LAjJUi JljaA \±LA U^lAj JJJ^Ul ^ J^UI 

jUujj Cjjjlj f jUaJJ jA^a 4jI£j JjJi JS J-ajuj Ajj jUUl 

(jjj J^tU Cjj^ ^ Jjj La«a 4 ljIaL^jV) ^j-aAi (jk J^ui j£ uMi 

(jjikl (jk (jjaxU) LgUaxj ^a tAfUU) Up JjjjLuJI JS <j-* AaJIU) UA^jUt 
Ap jUa ij-a A-uiLui ^1p ^|JA JilU iaU j f Uj JitU iaU AjP ^ujjj jLuuaJl 

. Jiill ^k LaS >bJt Lili 

• 

S-1ju a£Lula ^]p £ jUa ij-a ^ ijUa j-Ujxa <jjaji£j 

CjI^ (jlS <^U]bj t Jj>Ul dUjL <jijUa UjUjj> Uxjjj <> 

^1p A^j^St Jjj^-aJ) ufi A jjIulaJ) ljI^ jUt <j^a 

J$*u ai a jjLua^S jj&jJLuu]) J^lLuj IaUp ^ Ala^Iit <jjU ^jJ a^\ 

A-uiLui CjUUjVI ^j-a^i l^ill f j^iait djuj f AJjLaIa j 

. (jlajuJ) Ig^uaju ^xjj AjjU^ l£j& SJjaj ASLula ^ 

Aiaii JjjjLuJ) ^j>a Ajx^IaJ) AjuiSft (jl (jZaJikl 

Jjj^aJI !Jl^ S-Iju AJuLuJI (jV Ijlaj j O^. J AuuLuJl c LaLLa 

JjLUI (j-A AjsuIa]) AjuiVl (jt jLuS'l ^j£^j Ali <jjj J^uib AjjILa 

^la Aj^a AujJ^ ±klujl ^jLaj AjI^ ^Jbibj (j^asuit l^uaju ^a Ajj) jIa 
J a^uu ^jjl\ AjuiVt ^J-A^i £)i lA j jLuJt CJ l La£ AjluiVI d^A 
jalllit JjLa^i jLula]) (ji AIa j aILula]) ^j-uij ^JaJj (0) AJallil 

ljJA j f U j JIUi Ja^u AjP £&jjj lU ij-uj ^JUSbj ji^ ^jLuu lU ij-uj 

. JSj^t V^W c3^J ALU]) d^A 
(j- 4 dJjftj AlaSj ba, < jj ijUaJ) AjlUiV) (j\ (jVl (j^ajlili 
AjlUiVI ^2a^j ufi ij-uj Aiailit diA Up AjI^ ^JLUbj j ^ J£jUt 

Cj ijJa ^ Jjj La-a AJailil ^\ J^uU A&U^a CjI^Lula 

^IjLuJt (ji i^J 4 dbjj (jLuJt bjlu i Aj L uiSft dJA (JJJ jLulU) 
(2) Aiailit (> jJb-Ut ^LuU) (> JS1 AiluLA £la L (/) ALaj]) jJbU) 
Aiailit (j-A jjLuU) g’buUl AjI^j ^a ^ J j^P Ja^ jaLLui) Up AjU ^JlUbj 
(7) ^j iUJ) ^jj AILulU) CUI£ tJjj (2) ALU]) jJb^l £buUt ^ (7) 
La^Ia JS ^jjpUUoII jLulU) (rf) 4^ (2) j 

: c$jLuy 

Ar = d . sinO 

:£)\ (j\ Jj^Vt (> JJP ^jUoij La^jjj jb^iU) JjS ^IS tJtj 



d. sinO = mX 


Yti = +1, +2, +3, +4, , +oo 


: u' ^ 


(jj£d j£ 4 1 *j; fUj JilJj J^*v w.. Ujli 

(jjjad (jjj fbj JilJj ixu uJ^ |j| 4JI ^ t Jjja^dl (jk ,jjjjLaJL» 
£JAa. £a *Lb Jilli Laj AJl jjja^Jl (jjjjtaJA 

^ 4jaSdJl Jj£> 4dLuiJl ^ 4 n<^iA 4 jlSj ^jiVI SjjIajaJI 

. l4*Aj 

JJfr 4jAjl*AJ (cl) (jjld j£ <jAJ Jxbl Jl q£aj 

: (j) dm. jjja-ait 4^ Jjidil 

i ▲. 

d = 








(m=2) 


(t3jib]l jjc)n 

(-jIjaSH AiJaia (ji ^ JjjaJI jjja^a ^ JilJjJI (-ilJAl JHaj 
A (jjij j 4 jgdxail cjIjaVI 4filaiA (jA jjj£j £uj jl 4 ajxaJ| 

(j^Ajj jLuiil (jis La£ ^ jba ijil o jdJl AjjLuua iajJm (jfr *j'-+ 

V'^“ a - (^ gjjJ Ajjsj £tai (jA ^frjJbj (^bibj l$iljlai Jjjaj 

JjmaJI (jA p-IaIxII (jla j jjS 3T jjja-A <ji Vj 4mjAJl JljlaSfl 
Jajim S-laJ Ijiajj dJj£ i A ^“<4. A tl 4mjAJl Jl ijlajU 4fljJl ^jk 4jdb CjLmbfl 
(j^A j 4jli 4mj;:js Jl jLVI JJ*aa ^jjda j ..t Ji|jji| 

uJgJl 4 jjIj 4i jjlaj ja.Sfl (jC- (^ja Jjla J£J Jilliil (_j|JAi Jjjaj 
^ a^i 4ibUil JiU. (jAj 4 4Aj^dail CjIajaU (^jaJI Jjlailj f(jmbl 

• JaJ jLulaII (Jjfl uba 

6 a A 

ljAA (jj% i-i>M (^C-i (^>A Jjla 4J jkl\ f-jdail (jl£ (^bJbj 
f LaIaJI (jLai 4 ,xlA.tt 9 jy^ J^ldi ( 2 )a j ; jj£I (0) 4jjIJ Jj£> 4jjj^I (j^ill 
Jjlail uLa^ (>» ^->1ajI JjjaJI Jjji-A 4Jauiljj f jbail Jjiaj 
. |4^ 4jilfr 434 j ^jjaSI ‘ jJall (jk (jl j^Sfl 
(jjUlj (^j^il Jjlail (jk (jljJSfl jjSI j* >Aa.Sfl t-ylott (j V Ijlajj 
(jfr Jxj 4jj)J (^i 4J (jj£j >aaVI (jjli) (jla I 4 SI jA (_ ? ajyiiAjJl 
jje i^ja) j* (_ j>^Snl i (jjllij (jijiSf) ^iaa (jjj (2 >a (_$ jSj^i ljj^Ji 
(jlj&l VJ^' J* e>^9nl l (jjlil (ji 4aJ Jjja^l 4la*duljj f^daJl JjIaJS 
jA La£ 4jj iji) (jA&j IAJxjI jA ja^VI (jjUlj (jj^ J^l <-j 4^JI (j a 

.JjIaa^I JlbJl 

Jjla ^uib (| jSj^l j' (^ <-M a Jj' 

4 Jj (^ 4il uLlailj {ra = ±1) tj-^Jl 4 jjj alic. (jj%j (^J^l 4 jjj^I 

. l4iAj (m = +2) 4jjl^l 4bij^l 

bblJ <jj% f jdai) Jjlaj 4jfr Jj^aJl jjja^ ^ ^ j^J^I V* 1 ^' 

SjJb^l 4*«uiVI ^ j a (jj£j aMc- i bj£j La£ j (jAuVl (j^b 

(jjSjj (_$ j£ j^l u4^Jl ^1 J^j (ji ^1 4ibdtA2l (jjiij ^Ja^j (jjjidJl (j-» 
l^iaau ^a (jlj&l JJAai J^IJjjS f-bj StilJj 4juaVI Jja^ (jjj J^IJa^I 
. t$ j^J^I ^ 4iaAill dli 



(ra=-2) (m=-l) (m= 0) (m=l) 
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. U ££ju AJl^ JilJSlI - 

Jjj^aII t ..k JjjjLuJ) IjLJj (-jIjA) 3*^3 - 

•C^) (j^ A-L^LsJ) AdLuL4^t 

. JjjjLuJ) JJP SjLjj ujI^&SH Jbjj - 



